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things (the declining taste for science ; but th 
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freed from mathematical symbols and technical 
written in simple and perspicuous language, a 
lustrated by facts and experiments which are 
to the capacity of ordinary minds. 
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ADVERTISEMENT. 



(f presenting [lie ensuing volume, the Author con- 
ceives it almost unnecessary to remark, that n work 
like the present can hardly be expected either to 
possess much originality of observation, or to exhibit 
much depth of research. To select and arrange the 
materials already furnished to his hands, so as best to 
suit the design of a popular coinpeniliurn, has been 
his principal object; and to render the account of 
scientific inventions as simple and intelligible as 
their nature would admit, and to invest them with a 
character, if possible, inviting to the general reader, 
has been his main endeavour. He is anxious to ac- 
knowledge the sources from whence he has most 
largely derived assistance ; — " The Dissertation 
on the Progress of Mathematical and Physical Sci- 
ence," by Professor Playfair ; the " Histoire de Phy- 
sique," by M. Libes ; " The History of Astronomy," 

" The Library of Useful Knowledge ; " " The 

Lives of Kepler and Galileo," by Mr. Drinkwater ; 

i that of Newton, translated from M. Uiot, in the 

e collection ; and the life of the same philoso- 

r, by Sir D. Brewster. 



Tl ADVERTISEMENT. 

The Author also conceives it necessary to ack 
(what indeed he has expressed at the beginning o: 
his last section), his confession that the work is noi 
completed as he had from the first intended it shoulc 
be. He found, too late, that he had transgressec 
the necessary limits, when it was impracticable tc 
modify the earlier portion of the history : the last, 
and most important, period of it is, therefore, un- 
fortunately curtailed to a very meagre sketch. 
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HISTORICAL VIEW 



THE PROGRESS 



THE PHYSICAL AND MATHEMATICAL 
SCIENCES, 

Aiionq a systematic collection of treatises on the different 
branches of human knowledge, and more particularly in 
that branch which relates to mat he m a tics! and physical 
truth, the object of those which are professedly scientific 
is to convey, in the onier best suited to the purposes of 
elementary instruction, a connected view of tile prin- 
ciples and results of each department of science. There 
i, however, another class of treatises of a more mixed 
in which the exactness of scientific discus- 
■ may be blended with the lighter character of the 
style, and whose object is not to exhibit or 
ixplain the actual facts, reasonings, or conclusions, but 
rather to recite the history of that train of events and 
■cs by which they were originally brought to 
to record the labours and achievements of 
e distinguished individuals by whose abilities and 
ertions the discovery of new truths, and the new 
^plications of those before known, were effected. To 
■ clasa the ensuing volume is intended to belong. 




senfed little eise tiaaas a varied representation mf a ._ 
sad violence ; the artifice* of ambhino and ihe cab 
tie* of wax ; tie crimes and miseries whether of i 
potion or of aaareby. In these inning kho of 
pageant the interest of the many is usually engma 
The contemplation of the more quiet progress of a 
ioaiiaa, of the ans of life and of literature as conna 
wkb them, w comparatively devoid of excitement, i 
therefore far less generally attractive, even if U 
■oviea tbotdd sometimes find a place in the narratin 
ike judkiotu historian. 

Bat in a more especial degree is this the case ■ 
respect to the progress of aMracl tdenet. IntimaJ 
aa it u in reality connected with the advance of tile ■ 
and, above all, with the intellectual improvement 
mankind, in effect* are remote and not easily t 
and the nubjecta of it* enquiries bear a: 
abstruacneu which causes theni to be but little g. 
■i.derstood. Hence the history of sc 
hardly ever a matter of popular interest or alien tit 
The common impression has even been unfavoural 
» phyiical science. Those who caltivate it have bet 
regarded » a act of men isolated as it were from tl 
re»t of the world, and immersed in occupations wi 
which the body of mankind feel no sympathy. The 
111 are imagined to be little applicable to at 
useful purposes, anil often of doubtful or even dangeroi 
tendency. Hetiee, the pnmuti of science have ni 
, i ij been regarded with suspicion, dislike, c 
ridicule. And, upon the whole, it will not be matter o 

that to trace their progress in different a 
■oottld hate been so little recognised as a legitiinat 
portion of ihe historian's province. 

An attempt, therefore, to supply this deficiency j 
iti-i -linlv needed. And though much detailed inform 
alum oi' the highest value on these points may be fount 



i various works of a professedly scientific elMriOh :t, 
■t such a sketch as we here propose may not lie without 
l use, if it should happily succeed in removing any of 
tie prejudices or misconceptions just referred to, and in 
putting the department of scientific history In nub a 
form as may be sufficiently attractive to engage the 
"on of the general reader. Nor need the want of 
profound scientific knowledge on the part of the reader 
be any insuperable obstacle to his deriving some pleasure 
from a perusal of the records of pi iv si en] discovery. 
~ r such a history is by no means it mere barren record 
if dates, names, and inventions. In matters of philo- 
sophical research, so close is the dependence of one 
truth upon another, that the history of discovery very 
generally presents to us the history and order of the 
tion of truth. The later inventions, generally 
■[leaking, cannot he rendered intelligible (ill we are ac- 
quainted with the earlier : thus, in recording the history 
re often actually delivering the principles of science. 
In the ensuing cursory outline of such a history, it 
will, however, be our anxious endeavour to avoid as 
mich as possible all dry and abstruse investigation, and 
to introduce no more of the technicalities of science 
than may be absolutely necessary for rendering our 
ements intelligible. In doing this we shall generally 
l, that the view we have to take of the progress of 
nvention will itself supply the means of explaining 
those technicalities, which we shall always endeavour to 
llustrate in the most familiar manner which the nature 
if the subject will admit. 

In following out an extensive enquiry, it is always a 
matter of great convenience to find in our subject any 
grand points of division naturally presenting themselves. 
These constitute so many landmarks, as it were, on 
which the eye may rest, and which assist us materially 
in estimating our position and the progress we are 
making. In attempting to sketch the history of the 
ihysieal and mathematical sciences from the earliest 
ages to the present, we shall find three principal divi- 



HISTORICAL VIEW Or TUB 

sions naturally suggested by well marked differences of 
character in the science of different periods ; and these 
intimately connected with causes which influenced the 
whole condition of society in those periods. These 
chief divisions in our subject will be, — 
I. The Progress of Science among the Anc 
II. Its Condition from the Middle Ages till the Time 
of Newton. 

Ill, Its Advance from the Discoveries of Newton to the 
present Day. 
Under each of these great divisions we shall purs 
as perspicuous a description of thi; physical knowledge 
of those times as our limits will allow, and the nature 
of entirely popular illustration will permit. We shall 
endeavour to direct the attention of our readers mainly 
to those lending researches and discoveries which gave 
a character to the science of the age, or were remark- 
able as opening the way to the yet more valuable in- 
ventions of after limes ; and as producing the most 
beneficial results on the improvement of the human 
species in knowledge and happiness. YVu are, at the 
same time, fully aware that there will occur many sub- 
jects of considerable importance which we shall be 
necessitated to pass over without such notice as they 
deserve ; but which could not he adequately discussed 
without entering into details absolutely inconsistent 
with our plan. 




PHYSICAL AND MATHEMATICAL SCIENCES. 



PART I. 

THE PROGRESS OF PHYSICAL AND MATHEMATICAL 
SCIENCE AMONG THE ANCIENTS. 

The first period of scientific history which we here 
propose to examine is one of the highest interest in 
every point of view. It is in a great part associated 
with the records of those distinguished nations whose 
language, history, and institutions occupy so large a 
share of our earliest studies : it leads us to the contem- 
plation of those primary rudiments of scientific truth 
which have afforded the hasis on which the whole mo- 
dern superstructure has been reared ; whilst the manner 
in which those speculations were carried on, and the 
errors and extravagancies with which they were often 
mixed up, will supply us with many useful cautions as 
to the only safe way of pursuing philosophical truth. 
— We shall find this period naturally and conveniently 
subdivide itself into three portions : the first reaching 
from the earliest records to the foundation of the school 
of Alexandria, about b. c. 300 ; the second continuing 
thence to the decline of that school; the third em. 
bracing the state of science in the age of the Roman 
empire down to the period of its dissolution. 



SECTION I. 

THE PROGRESS OF SCIENCE FROM THE EARLIEST RECORDS TO THE 
FOUNDATION OF THE SCHOOL OF ALEXANDRIA, B. C. 300. 

Origin of Science. 

In attempting to trace the vestiges of early science, we 
find ourselves involved in no small degree of confusion 
and uncertainty, among conflicting claims and fictitious 
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pretensions. The obscure terms again in which many 
of the statements of opinions, as well as facts, have 
been handed down to us, often leave us very much it 
doubt as to what were the real views or discoveries of 
some of the most eminent philosophers. 

In ihe elucidation of these points the labours of the 
most able critics have been called forth ; and though, 
on some such questions, considerable difference of opi- 
nion lias prevailed, they have now been so fully dis- 
cussed, that most of them may be considered as com- 
pletely set at rest; and we can avail ourselves of the 
decisions of some late writers with the fullest confidence 
in the soundness of the reasons on which they are built. 
We shall therefore generally content ourselves v 
adopting that view of such questions, which, upon ex- 
amining the authorities adduced, appeari 10 us to pos- 
sess the highest probability; always, however, stating 
both opinions where we feel them entitled lo any thing 
like equal consideration. 

■ It will assist the apprehension of the particular c 
of discoveries and inventions of which we here propose 
to treat, in the first instance, to distinguish clearly what 
properly fall under the designation of advances in phi. 
losophical truth. It is not every invention, however 
ingenious, which is properly referable to this title, ] 
even every process of art which may be traced to a ' 
philosophical principle; unless the knowledge of the 
principle really led to the practical application. The 
progress of the arts then will only be noticed so fat- 
it was connected with that of science ; so far as practical 
experience may have led to the suggestion of abstract 
principles, or mechanical cmiti-nana- may have resulted 
from philosophical reasoning. 

In the earlier stages of society art must have pre- , 
ceded science. The immediate necessities of life first 
called forth the resources of invention, and it could not 
be tU! a much later period that the human mind bw& 
leisure to derive, from the objects of its daily notice, 
the elements of philosophical thought, or could be led to 



Speculate on cause* anil efteofe Accordingly, we are pre. 
pared to exprit BWB MIlaidemMe advance* in practical 
lung before we have any traces of speculative; 
ce. The Mosaic history refers lo tlie very earliest 
vpwh. the working of DpMtls, the eonrtruetfon of mimi- 
cal bttnmcnti, mill - - .„u -,- in n 

I ■ F". ■ . Bui ire and no distinct allusions to any culti- 
vation of science properly so called. 

Early Attronomj/. 

Of all sciences astronomy is probably that which may 
lay claim to the earliest origin ; but in speakinp of the 
astronomy of remote age* we must midcisrand the tem 
a very confined unci limited sense. We must neither 
ipine speculations of that extent fo which we are now 
ICCIM touted to apply the name, nor observations con- 
ducted with the acennn'y and regularity which we now 
consider essential to confer the character of scientific 
results. The astronomy of the earlier ages was probably 
confined lo noting the most obvious phenomena of the 
-. .mil eclipses of the sun and moon ; the rising 
and setting of the principal fixed stars; and the appa- 
rent positions of the planets among them : and the mentis 
f observing were no other than such as were supplied 
iy the use of the naked eye, and some of the simplest 
and rudest instruments. The progress of the sun in 
apparent orbit was followed by remarking the dif- 
;nt well known stars, as at different parts of the year 
y were successively lost in the twilight, and also by 
the variation in the length of the shadow of a suitable 
>bjccl, er " gnomon," on a level horizontal plane, ob- 
rerved at the time of day when it was shortest. In order 
to recognise the fixed stars, the heavens were divided 
o constellations, or groups, in which, bv the aid of a 
fertile imagination, some resemblance was traced out in 
the configuration to the shapes of the various objects 
whose names were assigned to them. They are al- 
uded to by those distinctive names in the most ancient 
e possess, the books of the Old Testament, 



mid particularly i 
' ■■■ have assign. 

The portion, or zone, of the heavens w 
limits the paths of the sun anil planets were found ti 
confined, received the name of the Zodiac, and I 
twelve remarkable constellations, called signs, by a 
ference to which the positions of the movable 
e determined. It is on all hands agreed t 
origin of astronomical observation is to be traced ti 
East ; but the particular people among whom it c 
menced, as well as the date, are lost in obscurity. 
t probable that its rise was simultaneous i 
is early nations, and its progress must have 1 
bo gradual that it would he impossible to fix any p 
perioil for its commencement, even were our knowl* 
of remote antiquity far more complete than 
while, it is not an uninteresting topic of reflection 
notice the probable tire urn stances which attended I 
early cultivation of these seiences. The fine 
and clear atmosphere of the oriental regions rend 
heavens an object of far more striking and atti 
■plctidour than they appear to us. The habits of pi 
lii. ... ra such as to lead the people of those rcgior 
the nightly contemplation of the glorious spectacle tl 
placed before their view. The dullest apprehension ci 
scarcely tail to be impressed with admiration and c 

oaity, and to recognise some of the more obvious cl. — , 

which would soon be found going on among the briiliai 
objects before them. When these changes w 
rioaely connected with those of the seasons, other n 
of practical utility would mix themselves up with I 
npirit of contemplation ; and the importance of cs" 
phenomena, in connection with the institutions of c 
md with the labours of agriculture, would t 
"I to more extended and precise observation] 

«»ilu-r tives would not be wanting from the natur 

influence of those feelings of religious 
* Bee HolM h f Chronology, li. 
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st glorious portions of the visible universe would 
mplated ; and while their real BMUn was tin- 
ind no approach as yel made to an apprehension 
f the laws and causes of their metinu, it "".is tar from 
imural that that adoration which can property ori- 
ginate only out of a perception of causation m 

' rise to the great origin of thai design, should have 
i degraded to the character of a grovelling auper- 
on, and huve been transferred to the heaven!) IpimUl? 
bmnaclve*, 

In immediate connection, too, with these last motives, 
was tlie application of a knowledge of the stars to the 
rposes of astrology. The desire to penetrate the future, 
e of the most deeply seated in ignorant minds, was 
really gratified as soon as astronomies! observation had 
reached far enough 10 notice those periods called cycles, 
i which the celestial motions and configurations re- 
curred. The prediction of the future appearances of 
' e sky, and, above all, of eclipses, led the ignorant to 
expect, and the learned too frequently to keep up tile 
expectation, that other events also might be predicted. 
: Ience the combination of motive* which tended to foster 
e cultivation of astronomy, and to impart to it a sacred 
.aracter in the early periods of human society. The 
appearances of eclipses and of comets were refolded as 
irognosties of misfortune and public calamities. The 
conjunctions and configurations of the planets were con- 
sidered as influencing tile fortunes of states and indi- 
viduals; and thus their motions came to be studied, 
though often with worthier motives, yet very generally 
with the view of being made subservient to the predic- 
n of future events, and not un frequently as giving to 
he initialed a command over the multitude, and aa 
tarnishing an engine of priestcraft. It is also far from 
improbable that in many cases pretences accordant with 
wpular superstition were held out merely as an excuse 
tnd protection to the real enquirer after knowledge; 
;e pursuits, if openly avowed, might have met but 
with reproach and ridicule, or even with opposition and 
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persecution, at the hands cither of 
equally incapable or appreciating their 
imc motive were assigned mure 
hensions nf llif vulgar, and i-spi-dally one con Dec 
their superstitions, this would at once secure 
spect and enhance their reverence for the indi 
japed with such lofty objects. 

Several ancient nations have laid claim to 
able advances in astronomy at periods of antifj 
beyond reasonable probability. Thus the Chin 
the Indians each refer to a date of about 300* 
before the Christian era, as that to which thei 
nomical records reach, and the Chaldeans 
n 2000 years. But though these extravagant 
unsupported by evidence, and at variance 
probability, we have still good grounds for cor 
b to have made some progress amoi 
nations upwards of 1000 years before our era. 

The Chaldeans. 

The antiquity of the Chaldean astronomy rei 
the authority of Porphyry, who says that Calli 
transmitted to Aristotle a series of observations 
at Babylon, during a period of 1*103 years pi 
the capture of that city by Alexander, or reacbin 
to about 2234 a. c. Ptolemy, however, who sfte 
made great use of them, quotes none prior to 
This certainly is not conclusive against the 
of any of earlier date, though it doubllesa furn 
ilrong presumption. 

These early observation*, though probably bu 

rude description, yet possess a peculiar interest 

ing furnished the first materials fur those compar 

'f the state of the heavens at distant periods, by 

e great progressive changes in our system have 

' t bo light. 

The Cliiililriii'iK apprar to have found, with con 
able accuracy, the length of tile remarkable 
6S85-JS days or about IB years, in which the 
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the moon's revolutions under the same conditions as com- 
Mured with those of the sun comr round igiln, n tibtl 
very nearly the same series of eclipses will recur, liy these 
means they were aUe to predict eclipses with tolerable 
accuracy. They observed, with great care, the motions 
of the planets*; anil according to tome tertbnonlfli 
(though contradicted by others), they would appear to 
have formed just notions of the nature of coou t-\ Be. 
rodotus+ ascribes to them the duodecimal division of 
the day, and the use of the gnomon. 

The Chinnr. 

Our knowledge of the Chinese astronomy is entirely 
derived from the laborious researches of the Jesuit mil- 
nonaries stationed in that country, and in particular from 
Oie mwfci of father Gaubtl.J The Chinese record) 
refer to the date of 24fil b.c., at which they assert 
a remarkable conjunction of five planets took place. 
This point has Iwen much discerned ; and it seems, on 
the whole, most probable, that it was a purely fictitious 
epoch obtained by reckoning backward!. They also 
mention a solar eclipse in the reign of the emperor-* 
Tchong Kan};, for neglecting to predict which the two 
chief astronomers weie put to death. To tbil, (bltta 
are assigned, varying between b.c. 215J) and 9J28. 
By calculating backwards, on modem data, Gaubil and 
others find an eclipse in the last-mentioned year; but 
the data are so completely uncertain that little weight 
can be attached to the statement. No eclipses are men- 
tioned for many centuries after this. 

More importance may fairly belong to the recorded 
observation of the length of the shadow of a gnomon, 
compared at the summer and winter solstices, about 
b.c. 1100. The obliquity of the ecliptic deduced is 
found to agree very closely with what would result 
from the modern calculation of the diminution of the 
obliquity founded on the theory of gravitation : this 

t SeeHUlory of Altionuroy, Lib. irseful Kji on' ledge, T .S, eticq. 



agreement is the more remarkable, as the di 
was unknown to Gaubil. Observations of about t 
same period, on tile position of tile winter i 
compared with others of about the date b.c. fiOO, ! 
been found, in like manner, to agree with i 
tions from the law of the precession < ~ 
During the period n. c. 7~0 — 481 observation! 
many eclipses are recorded, several of whie! 
verified by calculating backwards ; appearances of n 
comets also are described. The regulation of the c 
dar and the prediction of eclipses, were I 
China as matters of national importance, and a 
matical tribunal was established for the superintend! 
of astronomy; but the obstinate attachment i 
Chinese to whatever had become established ex 
itself to their astronomy, and repressed all itn 

Such is the view of the Chinese astronomy, 
from authorities of considerable weight. A diffi 
opinion, however, has been maintained by Mr. L 
who has contended, from an elaborate examination, tj 
nothing really original in astronomical science c 
attributed to the Chinese, who, he conceives, 
tirely ignorant of its objects and principles I 
introduction among tbem by the Arabians in the n 
ages. 

On this one subject, lie says, " That singular n 
has deviated from its established prejudices and n 
against introducing what is foreign, — they have t 
adopted the errors of European astronomy;" for 1 
discovered, in a Chinese book, the exact reprc-sentatii 
of the Ptolemaic system. He adds, " It is indeed t 
possible mit to smile at the idea of attributing , 
science to a people whose learned books are filled v 
such trumpery as ilie diagrams of Fo-hi, and a hundi 
other puerilities of the same land." 

Mr. Davis offers several oilier proofs of the j 

pensity of the Chinese to appropriate to themselves t 

• PhiL 'frail* isai 
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icoverics of other people. He also shows that they 
(I no solar year, but merely cm ploy til a | 
elvu lunar months of twenty-nine dud thirty days 
lernstely, with a triennial intcreolation of a thirteenth 
month to make it corresponil more nearly with the sun 'a 

In other branches of science, the national vanity of 
te Chinese has led them to claim an equally early 
:quaintance with some of the moat important facta, 
hey have pretended to a knowledge of the mariner's 
impact, at a period beyond I'-JOO b. c, and have also 
id claim to originating many of the fundamental 
*orems of geometry and even of trigonometry. From 
hat has been discovered of their extreme want of 
meaty, and fondness tor appropriating to themselves 
e inventions of others, but little credit is now gene- 
lly attached to these claims. 

The Indian*. 
Astronomical tables pretending to an enormous an. 
liquity have been brought from India. The first were 
imported from Siam by M. de la Louhere in 1(}87 ; to 
which several other collections have since been added, 
particularly those from Tirvalorc, Cbrisnabouram, &c. 
These tables have afforded matter of great discussion. 
They refer Mi an epoch b. o. 3102 ; and their claim to 
this, as a real date, has been supported by M, Bailly* 
with great learning and ingenuity, whilst it has been 
held to be entirely fictitious by MM. Laplacet, lientley, 
and Davis.J An ancient treatise on astronomy, called 
the Surya-Siddhanta, has been also the subject of close 
scrutiny: and it seems now admitted by those beat 
1 to judge, that it was customary with the Hin- 
tafce for an epoch aflctitious general eonjanctfent 
led by calculating hat'kwards, with the respective 
ittributeil to the several planets. Laplace 
assigned very probable reasons for believing that the 
t Sjrt. rtu Moulin, lib. -. 



tablet are of comparatively modern date, not 
bably, than the aj;e of Ptolemy {a. n. 150); 
there is no doubt that the cultivation of astrono 
far higher antiquity. The age of tile Surya-Si 
has been placed by Mr. Bentley about b. c. 1001 

The Siamese tables assign certain cycles of the 
of the sun and moon, which give the lengths of t 
real and tropical year ns well as the lunar rev 
agreeing very closely with modern determini 
of the early Indian astronomers, Aryabatts 
is uncertain), advocated the doctrine of the i 
lion, as did also Bramah-Gupta at a much later 
They were certainly acquainted with some of t 
inequalities in the motions of the sun and moon, 
been a subject of controversy whether they h 
from the astronomy of the Greeks. Sir W". Joi 
tended for the improbability or this idea from th, 
aversion of the Brahmins to foreigners in gene 
the Greeks in particular. On the other hand, 
brooke has cited from one of their writers at 
ledgment of the superiority of the Greeks in a 

In the mathematical sciences there seems 
bability that the Indiana had attained cc 
proficiency at a remote age. They appear to 
early in possession of the fund a mental theorem 
metry, which we have as the 47th of Euclid's It 
though at what date is uncertain, possibly before 
of Pythagoras, who may have borrowed it fron 
However this may be, they show great ingenuity i 
methods of proving it, which they do upon pri 
rather analytical than p,eo metrical. Indeed it a 
from the testimony of all who have enquire 
Indian literature, that they were early conspicut 
their acquaintance with algebra ; they have e 
particular skill in the solution of problems of tl; 
called indeterminate; their astronomical tables 
that they were acquainted with the principal tin 
of spherical trigonometry ; and their tables of 
appear to be calculated by means of second diffe 



: niily indiciteH 
made by the western nation: 



, greater advance thin wan 
ven at a much later period.* 



The Egyptian. 

The Egyptians seem to have obtained considerable 
colebtity for astronomical knowledge at a remote period, 
liar li c []<-, if any thills, of their astronomy has been 

iur HippiircIlllS aild I'lolelllV. lllm:;.'ll <!>!- 

leering ancient observations, Rive none from I'^vpiiun 
astronomers, bnt have recourse to those of the Chal- 
deans. Diodorus Sjinkih informs us tluit [In- Ki_-\ ]iti^nv 
e able to calculate eclipses ; and other Written speofc 
■' tin- i-iT'inls of nbservvd eclipM'S. They iim-l li.nv 
Uected observations to assign the recurring period by 
which their predictions were framed. One of their 
early kings, Osymandyas (whose date is uncertain), is 
laid to have constructed a large circle marked with the 
s of the zodiac. Their religious solemnities were 
lated by the lunar revolutions ; while their civil 
■ consisted of 31)5 days. They soon found that 
neither of these accorded with the true solar year : but 
without caring to obtain an agreement between the reli- 
r civil periods of the year with the physical 
WDM, they contented themselves with remarking the 
recurrence of a period of 14fil such years at which the 
succession of months and festivals returned to the same 
seasons. This was called the Sothaie period ; and the 
occurrence of one such epoch is mentioned in a. d. 1 30. 
The preceding whs therefore in the year n. c. IS82'. 
Some writers have even contended that there was one 
before this. 

It appears from good authority that the Egyptians 
conceived the two inferior planets. Mercury and Venal, 
to revolve round the sun, accompanying him in his 
annual revolution round the earth. t The invention of 
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ribed to than, 
'he existence *l 



the signs of the zodiac has been ascribed I 
though on very insufficient grounds. The t 
this day of representations of the zodiac in some of theii 
temples is a fact from which we derive little certain 
information as to their astronomy. The representation! 
are not easily explicable ; and various conflicting theo- 
ries have been suggested as to their meaning. Acciirdinj 
to Dio Cassius*, tile Egyptians were the inventors <N 
the period of seven days, distinguished by the names ol 
the planets. This has been doubted; but it is, at all 
events, certain, that this period with corresponding 
names was in use among all the oriental nations, uoi 
even in India, at a very early period. It is remaikablt 
that they all commenced their reckoning with the daj 
dedicated to Saturn; whilst the Hebrews alone con- 
sidered the following day as the first. 

Of the physical knowledge of (he Egyptians we b«j| 
little information which can be relied on. Here, as in 
other instances, we find extravagant claims put forihj 
and as strenuously supported by one party as decried by 
another. One thing appears certain, that whatever 
knowledge enisled in that country was confined to th« 
priests, who employed a sacred language of symbol*, 
utterly defying all attempts to decipher it except by the 
initiated; and which might imilmiliti-dly be employed 
to preserve valuable truths and philosophical specula- 
tions ; or equally well might have served to invest with 
atl the veneration so freely accorded to whatever ii 
hidden and mysterious the most absurd supers tit u 
and puerile conceits. 

It has been alleged that the origin of the a 
geometry is to be traced to Egypt; and that 
rents arose from the necessity of recurring 10 si 
ciples of mensuration for fixing the boundaries of land* 
where all landmarks were obliterated by the periodical 
overflowing of the Nile. This account appears by no 
means probable in its circumstances; since it would 
seem very easy to invent landmarks which should obviate 
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e difficulty ; and, again, it is not readily apparent bow 
ie theorems of ahstrart geometry could have been Ten- 
crcd applicable to such :i purpose. 

The cultivation of geometry oh a science unqucsttuii- 
»bly took its rise in the abstracted Boncapttoni of philo- 
sophers, soil not from any of its mechanical applications; 
these being not of a nature to occur to any one but u a 
result of principle which must have been first understood. 
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Tht Btbnmi. 

The Hebrews, from their early ci 
probably derived whatever science they possessed from 
that country ; but this would appear never to have 
amounted to much : as a nation, they do not seem Id 
e acquired any taste for the cultivation of physical 
knowledge. There may have been individual excep- 
tions : Moses, we are told, was initiated into all the 
learning of Egypt (b. c. 1500); and at a later period 
their historians ascribe to king Solomon (b. c. 1020) 
a great proficiency in the study of natural history. 
| 1 King*, iv. 33.] Several of the writers in the Old 
Testament (as, indeed, we have before remarked) allude 
contemplation of the heavenly bodies, as well as 
r phenomena of nature ; but their records present 

(no traces of philosophical speculation. From certain 
exiiresaions occurring in them, we may, indeed, collect 
that the prevalent belief was in accordance with the 
theory of the <juiescence of the earth and the motion of 
the sun ; and the magnificent description of the origin 
of the world, with which the first Imok of Moses opens, 
has been regarded by some as the delivery of a system 
of cosmogony and geology ; but (without going into 
^ extraneous questions) it seems to us extremely impro- 
bable that the representation was designed with any 
such object; indeed, we can never infer much in re- 
S lerence to matters of philosophy from passages occurring 
(as those in question do) in writings devoted to subjects 
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of an entirely different n. 
exclusively religious. 



;, and whose object i 



The Greet Schools. 

The origin of astronomy among the Greeks, 
than among other nations, is involved in obsc 
fable. The first construction of the sphere wn 
to Chiron, b. o. 1300 ; and the cons tell ationj 
tioned by Homer and Ilesiod, a. < . 950 ; but 
authentic records of the science carry us beyond 
of Thales and the philosophers of the Ionic 
about b. o. 600. It has been a point of dispute 
Thales did not derive his knowledge from the 
from Egypt. We are told by Herodotus*, tha 
dieted a solar eclipse memorable in history 
effect it produced in separating the contending 
the Lydians ami Medes. The date of this ec 
been controverted : Mr. Baily assigns B.C. 6lO. 
it seems unquestionable that Thales understood 
of eclipses, yet it is equally clear that he must 
access to long series of previous observations i 
him to make such predictions, and consequen 
have been conversant with the astronomy either 
or Chaldaja. It appears probable that he cc 
none of his opinions to writing ; this was don 
disciples Anaximander and Auaximenes. Thi 
attempts to measure the apparent magnitude o 
and moon ; and appears to have introduced tb 
the zodiac into Greece. He taught the spheric! 
earth, anil the obliquity of the ecliptic. The 
of the earth's motion, and the true system of the \ 
orbits, is supposed hy some writers to have been 
him, or, at least, by Anaxiinander. It is genera 
mitted, however, to have been maintained somew 
by Pythagoras. 

This ths tinjjui shed philosopher was bori 
" 1 into Egypt and th 
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iting even into India. From those regions he borrowed 
;iaphysical doctrines, ami probably much of bi» 
stronnmical and mathematical knowledge. The Ionic 
subsequently to the age of some of its original 
its, beaame devoted chiefly to (he cultivation of 
moral philosophy. The Italian school, on the contrary, 
founded by Pythagoras, appears to have been more in- 
clined to the study of nature and its laws. I rid. id, DOM 
of the departments of human knowledge were excluded 
jm the pursuits of either of these principal divisions 
)f the Grecian sages, until the taste for metaphysical 
ibtletiea began to infect the Ionic school. This so 
impletely engrossed the attention, by the substitution 
* " imaginary theories for the realities of nature, and 
Histaking words for things, as to exclude all dis- 
position to reason coolly and clearly on natural causes 
and effects. To Pythagoras, " philosophy" is indebted 
for the name it hears. His predecessors had been in the 
habit of calling themselves '* wise ;" he pretended only 
to the denomination of a " lover of wisdom."" He had 
itudied under Pherecydas, a disciple of Pittachus ; but 
to neither of these does it appear that he was indebted 
for any knowledge of mathematical or physical subjects. 
On Ins return from his travels in Egypt and the East, in 
the time of the last Taruuin, finding his nalive country, 
Samos. under the dominion of the tyrant Poly crates, he 
went ns a voluntary exile to seek a tranquil retreat in 
Italy. At C'roto (as we learn from Ovid) he studied 
and taught those sublimer views of the material universe 
Into which an insight is only to be acquired by the re- 
jection of artificial systems, and a free communing with 
nature in her own domains. Pythagoras t seems to have 
clearly understood what we now distinctively call the 
folar system of the world, and to have recognised the 
diurnal rotation as well as the annual revolution of the 
earth, the central position of the sun, and the revolutions 
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of the planets ; to which he added a 
if cornels. All this, however, ^ 
only to his disciples in private. It has aJso 1 
posed" that he, or his immediate followers, 
probable existence of other systems, of which t 
stars were the suns. To these opinions, in wh 
recognise the real order of nature, the Pylbaj 
certainly added many fanciful r 
speculations upon numerical combinations, 
they ascribed mystical virtues; these were st_ 

;rtain harmonies in the celestial orbits, bj 
ions of the universe were regulated. It 
, to observe, that the passages in the i 
in which these tenets are mentioned, 
obicure, and some opinions have been ascribed to 
with which they were not fairly chargeable. 

When, however, we observe that no substantii 
of facts or reasoning appears to have been alb 
support of their system of the world, it must he » 
that the Pythagoreans, though guided by st 
principle to the truth, yet had no real dm 
guishing it from error; and ; that they i 
rightly in one instance, afforded no security a_ 
conjecturing erroneously in another. The music 
spheres was to them supported by exactly as got* 
ments as the motion of the earth. 

On the same ground we need not wonder at t 
sequent neglect :lih1 ol>ii\ioii into which the l'ytha 
system fell. The false theories of the Feripatetit 
supported on equally good reasoning; and these 
gained the ascendency, continued to maintain i| 
the influence of a variety of causes. 

The Pythagorean school, however, continued 3 
flourish, anil was adorned by a succession of me 
nent for the same sort of speculations both in asl 
and other branches of science. Philolaus, about n. 
and Nicetas, bore a principal share in digsemina 
knowledge of the solar system, which they were t] 
lo promulgate openly to the world. 
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Among the speculation* or these pi 

t a We Mthm iiiiiitUii vUca Hen like virions 
I a "f gravitation. Pythagoras U said to 
liave observed, that a musical string gives the same 
aound with another of twice llie length) if Am latter be 
straitened by four times the wni^lit thai straitens thr 
former : ho the gravity of a planet is four times tliat of 
another which is at twice the distance. This has been 
much coj mil trued upon by Gregory and Machurin. 

We are informed by Diogenes 1^6^^% that Anax- 
agoras maintained that the heavens are kept in their 
place by the rapidity of their revolution, and would fall 
down if that rapidity were to cease. [.( '- ' 
Vl-ltntintti rirrmhi <<:t,.':t>ir<\ <iV . 

Democritus held that the atoms would all, from 
their gravity, have long since united in the centre of the 
universe, if the universe were not infinite, so as to have 
no centre. We may infer that Lucretius* derives, this 
notion from him. 

Both Anaxagoras and Kmpedocles considered the 
moon to shine by reflected li r 'ln ; arguing justly from ber 
phases,- and regarding this as the reason why her light 
is faint, and unaccompanied by sensible heat. Pome of 
the early philosophers attributed absolute coldness to the 
moon's rays ; and chimerical as the notion may at first 
sight appear, yet modem discoveries have shown a real 
connection between clearness of the atmosphere, (which, 
of course, is accompanied with a greater brightness of 
the moon,) and the cold produced by the radiation of 
heat from the earth's surface at night, which is impeded 
by the presence of clouds. 

Democritus supposed the dark spots on the moon lo 
be occasioned by the shadows of inequalities in the sur. 
face ; a singular anticipation of what is now revealed to 
us by the telescope. He also broached another bold and 
sublime speculation, not less fully confirmed by t< 

hat the milky way is formed by 
jsters of minute si 




It is quite unknown how parly the ancient astrons 
had recognised five primary pianets. 
of the assiduity of their observations, that they ■ 
have been able to distinguish a planet so little c 
cuoub as Saturn: awl by what means they c 
have detected [he existence of Mercury, is at 
ment a matter of extreme difficulty to imagine. 

The regulation of the Calendar was an object of mad 
solicitude to the Greek astronomers. The difficulties wH 
which they had to contend arose chiefly from their pff 
severing attempts to produce some agreement in rotbt 
inga derived from the motions of the sun anil of A 
moon : the month being determined by a lunar, nil 
the year by a solar revolution, they soon found tW 
the former was not contained any integral number* 
tiitn-H in the latter ; their object then was to find a not* 
ber or period of years, at the end of which a compel 
ution would be effected, anil the beginning of the mods' 
and of the year again coincide. Their knowledge ii 
not enable them to perceive all the difficulties of A 
subject. Such an exact compensation e 
owing to irregularities of which they w 
but it was very possible to find som 
method sufficient for their purposes: 
attention of several of their most emit 
was accordingly directed. 

An imperfect cycle of eight years, proposed b 
stratus, was soon replaced by the very accurate one 
Melon, consisting of 19 solar years, which contal 
235 lunar revolutions almost exactly, the different 
being only about two hours. This possessed so miK 
practical simplicity and convenience, that it was put 
licly adopted by the Grecian states with great applal 
at the Olympic games. The first cycle began 
and it is the same as that still retained in our Calenc 
under the name of the Golden Number. Calippua ai 
sequently endeavoured to render the accordan 
exact, but in so doing introduced an error of i 
site kind. 



awari 
■ tolerably exU 
o this point ft 
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Badomii appears id have first broached a iheory of 
e planetary motions, ai variance wilh the f'ythago- 
m, which he derived from Egypt : thin was newly the 
me as that subsequently adopted by the !'■ 
e conceived the sun and each planet (o be surrounded 
y solid spheres, whose different motions modified one 
another so as to produce the actual motion of the Im>. ly | 

■ry new inequality rvtjlbed the introduction of a new 

icre: this soon rendered the system extremely com- 

Mtod. 



Phijuiml Scicncei. 

We have before hinted at some of the causes which 
it have contributed to the early and peculiar nilii. 
n of astronomy. It would seem to be a principle 
human nalure that the attention is most powerfully 
Oracled towards the remote, the splendid, and ihe tnys- 
" ilst things of ordinary character immediately 
and in which we might seem more directly 
ncerned, are passed by unheeded. Thus, while the 
rly philosophers were watching the stars and spent - 
n the motions of the heavens, ihey comparatively 
fleeted to examine the phenomena presented on the 
"ace of (he earth ; and in the records of early nience 
a small space is occupied by the history of media- 
cal and physical discovery. Of this part of the suh- 
eet, however, we must now proceed to a brief sketch. 
Thales appears lo have been acquainted al least with 
e attracting power of magnetism ; he also noticed the 
excitation of electricity in amber by friction: he attri- 
buted to both a certain degree of animation, which he 
considered as the only original source of motion: he 
ipposed water to be the first principle out of which all 
ings were formed, and into which they are resolved, 
e appears to have been the first who appreciated the 
lue of a serious examination of the phenomena of the 
tural world ; though both he and his followers de- 
widely from the path of sober enquiry in many of 
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l knowledge, and In bring dam | 
* to the level of popular apprehension. We hive 
e evidence, indeed, to what extent they succeeded ; 

* liumhk' department of irirn title labour U 
e which must always claim, among ilic welLwiahers of 
: human race, scarcely lens limine than tin! 

1 the midst of hie mystical speculation! , oc- 
y exhibits some definite id.*- "ii physical Bub- 
He points out tile distinction of rarer from 
r matter by its inertia ; and though he nrmi to 
i;ul mm notion of gravity, it does not appear how 
r be connected it with inertia. 

The physical researches of Aristotle {about .1 .'.i > n i , 
lent an extraordinary mixture > 
I opinions, ii is vast anil industrious collection of 
b in natural history evinces the sober and patient 
uirer; his mechanic contain something of the real 
of mathematical reasoning; whilst hi'a 
ivsical speculations display all the extravagance of 
T*tuitoue theorising and verbal dogmatism. He allri- 
il absolute levity to lire, and gravity to earth j MB> 
ering air and water as of an intermediate nature, 
e considered gravity to be a tendency to the centre of 
; earth, which he also regarded as the centre of the 
inverse. He also introduced the celebrated principle of 
■Jamie's abhorrence of a vacuum. 

Epicurus (b.c. 300) appears to have reasoned as 
ustly respecting many particular subjects of natural 
ihilosophy. as he did absurdly respecting the origin of 
e world and of animated nature. He adopted in a great 
:asure the principles of Democrilus respecting atoms, 
t ascribed to them an innate power of affecting each 
ler's motions, in such a manner as to constitute, by 
e diversity of their spontaneous arrangements, all the 
rarieties of natural bodies. He considered both heat 
md cold as material : the heat emitted by the sun he 
jught not absolutely identical with light; and con- 
tctured that some of the sun's rays might possess the 




power of heating bodies, and yet not affect tl 
vision. He explained magnetism, by supposing 
of atoms passing in certain directions thr 
magnet and the iron, which produced all the i 
interference with each other. Earthquakes and 
he derived from the violent explosions of imprh 
The mechanical powers must have been h 
their practical applications long before it had 1 
tittered the business of philosophy to investig 
theory, The lever and wedge must have occun 
iiiiinl of the most untutored workman. The pi 
tlie nerow are expressly ascribed to Archytas (a 
AmiiM. novcral erroneous deductions, the mec 
Aristotle display some correct notions of the d< 

I . He lias certainly laid down, at le 

general way, the principle of the composition ol 
KiippoMing two forces, in a given finite ratio 
oilier, to net upon a body in directions at righ 
he shows, that assuming straight lines in the 
lions to represent the intensities of the two 1 
their lengths, on completing the rectangle, its 
will express the direction and quantity of the 
motion ■ hut the soundness of the reasoning t 
he supports this may, perhaps, be open to i 
It is also a remarkable circumstance, that he 
to consider the case where the two forces ha- 
expressly mils it, " no ratio" lo each other, 
motion takes place in " no time;" in which 
concludes that rumlinmr motion must resu 
shall afterwards perceive how singular an app 
here seems to have made to one of the most 
and important principles of modern discovery. \ 



led. But The motion wlii.h »v impress upon a body 
r pushing or throwing tl if contrary M nature, and 
ierefore speedily diminishes, and U destroyed. All 
atter seems perpetually ready lo gel rid of theje 
inatural motions, and to mom* ■ Mite of congenial 
pose. His followers regarded these unnatural motions 
i acquired qualities, like heat or cold, and in die same 
»y liable to be lost. Among bis disciples, we ought 
it to omit the name of dial sedulous enquirer into 
itural history, Theophrastus, who flourished about 
o. 320. 

Of the nature and properties of light very little sp- 
ars to have been known in the earlier times of ancient 
ience. There were, indeed, some phenomena so ob- 
ous, that they must have been noticed in tin rudest 
ea. The reflection of light from polished surfaces 
ust hare been one of the first natural appearances to 
licl) the attention was daily called. Every river and 
tintain afforded a mirror ; and the effect was doubtless 
ry early imitated by polished metallic surfaces. 
The rectilinear course of the propagation of light 
uid not but be soon an object of observation ; and this 
rcumstance seemed to bring its laws at once under the 
misance of the geometer. The equality of the angles 
incidence and reflection was very early known. Tho 
mometm of refraction were not investigated till a 
■r period. That a straight rod partially immersed in 
ter appeared bent, and that the refracted ray in a 
iser medium is bent towards the perpendicular to the 
urface, was nearly all that was known in this part of 
e subject for many ages. 

Empedocles (about b.c. 450) was the first who 
lated systematically of optics. He held, that light 
nsisted of particles projected from luminous bodies, 
■t that vision was not performed without the assistance 
i certain influence, or emanation, transmitted from 
eye to the object. 

held, that objects are seen by means of cer- 



Mill spectra, or simulacra, thrown off from the a 
of bodies, and received into the eye. 

Aristotle speculated on the subject in a. metiphyii 
point of view, and called in question this doctriw ■ 
Kiii|«'dc)i'lfs ; con lend i up that light is not a material)' 
utaiice. lie supported this hy arguments drawn i 
Its velocity, which he supposed infinite. B 
have regarded it as something like an impulse _ 

medium. But his whole doctrine «M 
iimm'iI up with verbal mysticism, that it is difficult 
determine whether this idea was really a sort of £■ 
Jcctliral anticipation of the theory of undulations. 

Mathematical Si-lenca. 
In the review already made of the earlii 
and pliy.ical discoveries of the ancients, 
■eartvly miy instances of sound investigation, wit 

■•<■• | ying admixture of extravagant and 

ii', pothtfU, In turning, however, to their inv 

i thematic*, we find a pleasing contrast, la 

■1> | inetn we recognise the sure, though very gi 

<!■ vi lop hi iiC []■■ most important elementary I 

nUlillHlii'il with a perfection of logical accuracy 
Ilia wlihh U, to this day, the theme of g 
•JtRfiitatliiii mill the miMlfl of universal imitation. 
Wlji llnleeil, iln iilwiiiie mystical properties 

' I- n bj Pythagoru l>e deemed an excep 

■l'i h,.i , ilvi il instigations ever degraded 

. |tfa 1 1 1 ■■ ■ ■ i . . 1 1 . oonceiU or visionary 



I In, , elementary truths, which necessarily 
■ linn of die whole science of quantity in a 
■ i" '"H and dimensions, we have already seen, have 
I us the inventions of several early nations. 
probable that the discovery of them took ]_ 
■ 1 1 Ifcrent people without any eoiuniuiiicaL 
neve been handed down as the speculation 
'■■-I. age ; and such primary and simple relel 



nmau and matjimatwal science*, 59 

: among lliwr tint sulijecli which would naturally 
ercise the skill of a contemplative mind devoting lurtf 

hich geometrical figure* and magnitude* can be oik 
ed. It was, doubtless, long before the scanned truth* 
e collected arid arranged in any systematic form. 
Pythagoras, no doubt, directed bin attention to these 
.bjivt«; ind [he slory related of his werificing a he- 
tomb for joy on the discovery of the fundamental 
eorem of geometry, would hardly have been invented 
he had not at leant enjoyed the r. ; ■ 

n the discovery. 
The early Greek philosophers employed tlicmictrcm 
a speculating upon all the relations they cotllil discover 
tt (he simple geometrical figures, and in iliow C 
one which involved only the use of the straight line 
ind the circle : by degrees they extended their einjiiiriet 
to the properties'of planes and solids, especially the re- 
ular solids eontaiiitd by plane sides, and those generated 
y the revolution of a circle, a triangle, or a rectangle, 
ie sphere, the cone, and cylinder. 

It was in the Platonic school, and, as some contend, 
y Plato himself, that some of the most valuable acces- 
ons to geometry were made, The science bad as yet 
taien cognisance of no other curves than the circle. 
" ito perceived, that if a cone be cut by a plane in cer. 
a positions, the intersection of the surface of the cone 
with the plane will neither be a portion of a circle, nor 
ectilinear, but will take the form of certain peculiar 
nrvLs. It was soon found that only three distinct 
species of these curves could be formed; they were 
termed accordingly the conic sections, jrnl named (ac 
ording to another analogy arising out of one of their 
roperties} the parabola, the ellipse, and hyperbola. The 
manner in which the formation of the curves was first 
onceived, affords a striking instance of the slow progress 
f discovery among a class of truths as yet new to the 

R prehension. A plane was conceived touching a cone 
mg one of its sides : another plane, perpendicular to 



30 

this, of course cut the cone, and gave r 
If the cone had a right stifle at its summit, 
was a parabola: if the vertical angle 
right angle, an ellipse : if greater, an hyperbt 
different species of cone was thus supposed rj 
give each different curve. A century elapsed h 
was seen that they might all be obtained from c 
the same cone of any species, by merely altering 
clination of the cutting plane. Of the high imp 
of these curves in the researches of modern | 
■cience, this is not the place to speak. We n 
confine ourselves to noticing that the ancients b 
attached due value to them, and continued wit!. 
mitting diligence to investigate their various pro 
In these researches, none was more eminent t" 
nechme, the friend and disciple of Plato. 

But the Platonic school was scarcely less distingt 
for originating other important hranches of m 
speculation. Among these, the most remarkable, perhi 
was the geometrical analysis. This invention is I 
pressly ascribed to Plato himself, by Proclus. A 
geometrical question, whether problem or llicort 
being submitted to analysis, is assumed as solved, or 
true. From this assumption, a chain of consequea 
is drawn, which, by the ingenuity of tlie geometer, 
continued, until he arrives at some proposition kno 
to be true or false, possible or impossible. The & 
consequence points out whether the question lie true 
possible ; and by retracing the steps, a synthetic pri 
or solution may be found. 

Another class of speculations commenced and pur* 
in this school, was the geometric loci. These, in (I 
simplest form, arose out of problems where it was 
quired (o find a point determined, for instance, by I 
intersection of two lines under certain given conditio 
and where it was found that there were an infill 
number of points fulfilling the requisition, but el 
restricted to a certain position : su that if they were 
assigned, they would all lie in a certain line or he 
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i[ or curved. For example, the low* of the vcr- 

)f triangles of equal area on die tame bate, in a 

ight line parallel [o the base; and die larui of the 

■i of right-angled triangles on the tame liypcthc- 

U a semicircle. These loci were chiefly employed 

% affording the means of solving other problems of the 

lelerrninate kind. 

Of theBe, one which largely occupied the attention of 
' e ancient geometers, and received it* solution in the 
"e school, was a response of the oracle of Delos, 
;, that of the altar in that temple, which was an 
the exact double in solid content should be 
i the form of a cube. This was done at 
mechanically ; but Menechme applied to the so. 
ition the resources of the method of loci, and produced 
■ geometrical construction. The trisection of a circular 
is another problem of some eclehrity, which, in 
an nor, was made to yield to the growing power* 
f geometry, though it had resisted all attempts by 
leans of the elementary methods. 
To the principles developed in these several dis- 
";s, we shall, at a future period, have occasion to 
We will merely remark, in this place, that they 
nquestionably contain tile germs, as it were, of the most 
alualile inventions of modern times. 

Upon the whole, the geometry of the ancient schools 
s thai portion of their speculations to which we look 
with by far the greatest interest and satisfaction ; 
o which we are really indebted for the removal of 
the difficulties which we should otherwise have to cou- 
rt limine., in all our enquiries. What were to 
hem matters of high and original discovery, now form 
' e necessary elements of all well-conducted education : 
d even though modern science had given us more 
rect and easy methods of arriving at those results 
Which we want for their actual applications, yet, as a 
■object of abstract study, for the refined elegance of 
' i of deduction, for the exact taste of their 
lyle, and the fastidious precision of their reasoning. 



t geometers will retain their pre-emi 
models to succeeding ages. 

The invention of mechanical modes of cons 
by which certain curves could be traced out a 
problems solved, and which began to previ 
Eudoxus, Archytas, and their followers, wa 
censured by Plato, who considered such metho 
gatory to the abstract philosophic dignity of g( 
and destructive to its purely intellectual charactei 
sentiment, to a certain degree perfectly just, 
tensively adopted by the philosophers of the 
school, and produced the effect of alienating me 
invention from mathematical speculation : a resul 
injurious to the former science, and repressive c 
of the spirit of invention and improvement in te 
Indeed, it was, probably, to the wide distinctio 
tained in the ideas of many of the ancient philoi 
between the respective characters of geometrical 
physical investigation, that we may attribute i 
the neglect of the latter, and the slowness of its p 
from the want not only of the powerful add il 
have derived from the former, but even of rea 
as a legitimate branch of philosophy. Nothing, 
can be more striking, than the contrast afforded 
manner in which these two classes of enquii 
respectively carried on : and we can hardly help 
astonished, that the same philosophical genim 
was so rigorously precise in its demands for the 
demonstration of the most primary notions on 
mathematical truth was to rest, should have beei 
to satisfy itself with the most flimsy conjectl 
unsubstantial analogies, in matters of uhvsicaj 



Tht School of Alexandria. 

w arrived at a memorable epoch in the history 
it science. When, at the death of Alexander, the divi- 
11 of his empire among his officers took place, Egypt 



11 to the chare of Ptolemy Lagus, - 



whose 



prince, 1 

learning and disposition to encourage it soon 
ittraeted to Alexandria, his capital, a Number of learned 
men from Greece and other countries. His son, Ptolemy 
Philndelplms, was the inheritor of the taste and ability, 
as well as the throne, of his father ; and soon evinced 
his zeal in carrying on what his predecessor had com. 
jjienccil. The same spirit, indeed, animated several of his 
successors on the throne. Jlut the second Ptolemy gave 
the most convincing proof of his ardour in the cause of 
improvement, by the magnificent foundation of the 
schools of science, the observatory, and tile library, which 
adorned Ids capital, and gave his sovereignly a pre-emi- 
its best attribute, — that of promoting the good 
the human species. The patronage so munificently 
towed was amply recompensed in the results it pro- 
A succession of philosophers of the most dia- 
ihed ability continual long to adorn this royal 
and the stimulus and encouragement thus given to 
enquiry produced some of the most valuable 
is to philosophical knowledge, and laid deeply 
permanently tile foundations of astronomical, 
banical, and geometrical science. Above all, a spirit 
enquiry was called forth ; and the human mind taught 
energies in the search after 




Geometry : — Euclid, 

In no department are we under greater 
the school of Alexandria than in pure mi 
One of the first of those eminent men who did 
honour to tile wise liberality of its founder, was 
pre-eminently known in every quarter of the g 
in every age, from his own to the present, by hi 
of elementary geometry. We have few par 
his life, and can only assign the period at 
flourished as that immediately succeeding the 
of the school of Alexandria, or between b. i 
250. Our principal source of information 
him, and his works, is from the commentary of 
on his Elements. There is no doubt that eT 
geometry had been previously compiled by Hi 
Eudoxus, and others. Euclid's principal 
seem to have been that of correcting their en 
plying their deficiencies, and uniting the aeri 
mentary truths into a perfectly systematic 
deduction. The extreme logical precision 
evinced in the style of demonstration, is eo.ua 
by the admirable perspicuity and simplicity 
very few exceptions, characterise every part of 1 
But few treatises, probably, ever suffered more 
in the course of time, at the hands not only 
transcribers, but of commentators, and prefer 
provers. Hence it lias been the constant o 
modern editors to restore the text to its probable 
character. Among such attempts, none h; 
conspicuous, or more generally admitted 
than that of Dr. R. Simson. There still 
ever, to be something wanting to its complete 
1 A certain tinge of mysticism infects some of 
tions and axioms; and the primary defect in the 
of parallel lines still remains. And though 
remedies have been proposed, none has as yet 
the conditions of simplicity and conformity to 
mentary style, even if admitted to be conclusive. 
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That notwithstanding these defects, and many nbjec- 
ona which have been brought against it, and attempts 
•hich have heen made to improve upon it, Euclid's 
eatisc should still sustain its high reputntiotij is 
•rtainly no small praise. It* adoption a« the tcxt- 
ook for elementary instruction is a different question, 
n England, it is still generally used; but on the Cons- 
ent, other works mure specifically designed 1'or the stti- 
Ent's initiation have superseded it. This, however, is 
[dependent altogether of its merits hh a philosophical 
rstem. And in this point of view we are inclined to 
elieve that its excellencies are hardly yet fully appre. 
ated. The entire work has heen usually edited as 
[tending to fifteen books ; but the two last arc admitted 
Dt to be Euclid's: the Arabic translator expressly 
icribes them to Hypsicles. 1 1 appears probable that the 
ork we have is a combination of two or, perhaps, three 
eatises, originally distinct. Besides geometry, these 
joks include the theory of arithmetic, and its applica- 
on to geometry. The investigation of the philosophical 
rineiples of reasoning adopted by Euclid in the different 
irts of his writings is a subject of high interest, and 
le which deserves more attention than it has usually 
rceivrd, both with reference to a right apprehension of 
is excellencies, and to the questions which have arisen 
i modern times between the rival claims of geometry 
id algebra. 

But we cannot here pursue questions of this kind, 
I will he more to our purpose to remark, that the bound- 
ies of what have heen distinctively considered element- 
•y methods were reached by Euclid in his demonstration 
" the proportionality of the areas of circles to the 
|Uares, and of the contents of spheres to the cubes, of 
leir diameters. The problem of squaring the circle, or 
signing by geometrical methods the ride of a square 
hose area is equal to that of a given circle, was one 
uch celebrated among the ancients, and which 1ms 
directly proved of incalculable advantage to science ; 
rtcCj in the unceasing and fruitless attempt to solve it, 



methods a 
of the mofi 



e suggested,' which 
isfactorily ii 



methods and principles 
of the most important u 

In order, however, to proceed s; 
count of these and several further 
must premise some more general considerations. 

The proper object of contemplation in ge 
exten&wi, tn its several species of length, 
solidity. The course which the geometer has to 
is to consider, in the first instance, the djfferen 
binations of die simplest conceptions which 
the different species of extended figures ; 
be lines, straight or curved, and the spaces enc 
tween such lines. Extended surface, again, 
such as to he all in one plane, or it may be vat 
curved or rounded : under such Eurfaces, ; 
contained variously shaped solids. The geome 
distinguishes all such cases of these ai 
any sort of regularity in their structure or 
formation. Whenever any such principle of t 
hits been assigned, he can proceed to the com 
which will result from the supposed method of c* 
tion, and thus establish the properties belonging 
figures. All this, it must be borne in mind, r 
figures, lines, and magnitudes, such as are the p 
tures of intellectual conception, and entirely ■ 
from all gross physical ideas, derived from cm 
of material substances. The line of the gec_ 
the abstract conception of the length of a thing, 
discarding all reference to its breadth, thickness 
other property whatsoever ; and si 
ideas of surface, of solidity, &c. And in ■ 
sponding way, the deductions which he makes, 
method he pursues, for tracing their dimensio 
establishing their properties, are not like those o 
mechanical measurement or numerical cumputat 
the abstract and rigorous logical conclusions i 
first definitions and assumptions. It is in this 
the high superiority of geometry as a school o 
reasoning is displayed ; and, if regarded solely 



PHYSICAL ASII MATHEMATICAL ■CIENCEI. 



3? 



id beautiful field of philosophical speculation, it 
ay fairly justify all the encomiums which hove been 
>e»towed upon it. 
One of the main points of enquiry in elementary gco- 
ry, is that which refers to the comparison of the 
is of plane figures : so long as the figures are con- 
ined by rectilinear aides, this presents no material 
fficulty. Triangles being the simplest of all nili- 
ar figures, the comparison of their areas was (he 
: step ; anil (he conception of equality of area is 
timately reducible to that of two figures, which, super- 
Bed, shall coincide in every part. From this elcment- 
I principle, hy various trains of deduction, Euclid 
■ led the way to the comparison of the areas of recti, 
tear figures (which may all be conceived as iiiadi- m 
' triangles), and established the conditions under which 
*uch figures, differently constructed, can he shown to he 
|iial- He has introduced into his train of deduction, 
M a point of fundamental importance, and established 
y ■ singularly beautiful specimen of geometrical proof, 
e theorem hefore referred to as the invention of 1'ythtt- 
is ; that the squares upon the sides of every Tight— 
igled triangle are together equal in area to the square 
>on its hypothenuse, and the same truth is extended to 
y similar figures. The priiinpY of superposition may 
e traced through the whole of this refined deduction : 
d the student may amur>: himself by the actual me. 
lanical dissection and 1- 'initiation of the parts of 
teas, which, hy a very e^ ■< process, will be found 
dually to cover the same space. Speculations of this 
ind were much pursued at a later period by the Persian 
mathematicians; and while upon the subject, we may 
tice the numerical application of the same truth, 
f the sides of a right-angled triangle be respectively 3, 
ind 5 inches, feet, &c, it is immediately obvious that 
e above truth holds good with respect to their numerical 
i. The same will of course be true of any given 
ultiples of those numbers ; but other numbers may be 
to which the same property applies ; — for ex- 




ample 9, 12, and 15, or 6, 8, and 10. Plato is I 
to have perceived a general rule by which such a 
in whole numbers may be expressed. If n be any m 
ber, the three sides will be respectively twice H, 
square of n diminished by unity, and the square oi 
increased by unity. If we draw a triangle whose m 
are measured by these numbers, we know a 
it is right-angled : this principle is practically a 
by common workmen in laying out any lines w" " 
wish to make at right angles ; as, fur example, tl 
ation of a building. 

This, however, is a digression. The eorapi 
rectilinear areas is an easy matter : n 
where we wish to compare a rectilinear with a t 
linear apace, or to express the latter by r 
former; which is the only way in which we 
it in definite terms so as to make it th. 
computation. 

In one very simple case this was effected by I 
crates. By means of an extension of the fundi 
theorem before spoken of, he showed that the a 
cles described (in the sides are together equal i 
the semicircle on the hypothenuse of a right-angl 
angle, liut this last semicircle will (by anotb 
perty) always pass through the point of the right ft! 
hence it cuts off from the other two, certain c 
shaped portions called lumitm. Deducting, thei 
the spaces common to both, it follows 
lunula: are together equal to the area of the |. 
This singularly elegant invalidation is, however, ] 
ther applicable, nor does it lead in any deg 
principle of similar investigations for other cases. 

What are termed strictly the methods of e 
geometry may perhaps be characterised by the a 
lion in some deduction (however remole) of the 
of L'Xiiel xiifn'r/HiKitwit. This principle, then, in g 
its forms, is inadequate to the task of assi^nlin^ i> 
rally the areas of curvilinear figures; a— 1 ■' 
requires here to be reinforced with some higher resoui 
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Such were found in what was termed the method of 
exhaustion, and the general principle of limits. These 
methods are, indeed, of far more extensive application, as 
we shall see at a future stage of our enquiries ; for the pre- 
sent it will suffice to observe, that by the term exhaustion 
is meant that sort of process in demonstration by which 
it is shown that we have taken every conceivable case 
which the particular subject in hand admits; and having 
demonstrated that the point to be established is not 
included in any of them except one, we infer that it 
must be found in that one. This of course presumes 
that it must be found in some of them, or that we have 
previously established the truth of the alternative. For 
example, if it be shown that one thing can neither be 
greater nor less than another, we infer that it is equal 
to it. This would be a simple instance of the method 
of exhaustion. It is, doubtless, an indirect mode of 
proof, analogous to the reductio ad absurdum, so fre- 
quently used in geometry ; but which is only admissible 
where direct proof cannot be attained. The main point 
usually lies in establishing, as we have said, the alterna- 
tive ; in assuring ourselves that the relation sought must 
really exist among some of the possible cases. Now, this 
part of the process is precisely that of establishing what 
is called a limit. No term in science, perhaps, has been 
more mystified by technical refinements than this ; and 
yet, perhaps, there is hardly any conception more simple 
when it is but simply stated. We cannot illustrate it 
better than by proceeding to the very case considered by 
the ancient mathematicians. 

When a regular polygon (a hexagon, for example) is 
inscribed in a circle, every one sees that it occupies a 
less area, and is contained by a less perimeter, than the 
circle. If we now convert it into a figure of 12 sides, 
this will evidently approach nearer to the circle in both 
respects ; still more, if we again double the number of 
sides : and in this way we may go on till we suppose a 
polygon of a number of sides as great as the imagination 

can conceive ; it will still be less than the circle; it 

d 4 
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never can become equal to ihe circle without 
actually a circle, and ceasing to be a rectilinear 



f sides and diminish their individual lengths. 
'ie same way, if we take the case of circumtmril 
: the circle is likewise their limit. ] 
to their areas, and its circumference 
i perimeters. 
Euclid, having shown by elementary methods 
reas of all similar rectilinear figures are as the 
F their diagonals, extended this truth to the 
ie inscribed and circumscribed polygons, of « 
mber of sides ; and therefore, by the above pi 
i the curvilinear areas of the circles which 
i, their diagonals being the diameters of tl 
e process of verifying the limit, or demonst* 
each case that the curvilinear area was r< 
boundary, was that which, when followed ont 
detail, caused the prinNpal irtcenvenience in this 
from the excessive length and tediousness which 
frequently involved. 

Geometry; — Arrhiiiieiin: 

These methods, of which we have here 
to illustrate the nature by referring to a simple 
of their use, were soon applied much more eih. 
In the earliest period of the Alexandrian sch 
find one of the most powerful intellects the wor 
produced, shedding a new and brilliant ilj, 
Aver nearly the whole field of physical and mat 
truth. Archimedes was born at Syracuse about b. 
In the school of Euclid he laid the foundations 
geometrical attainments, and soon obtained & 
guished reputation in that science. Returning 
native place, that eity became the asylum of his i 
and afterwards the theatre of his practical mec 
triumphs. Among the various subjects to whic 
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piled bli jiisatiiir powers of investigation, the quea- 
>H5 of peotnetry were among (lie first : t'spi'i'iuHy ituiBc 
r the solution of which the invention of the priodpll 
limits had prepared the way. His attention was 
ailily engaged with the beauty ami fertility of the 
ethod of exhaustion, and he proceeded to apply it to 
: investigation of a variety of new subjects, and the 
ution of problems as yet un at temp ted. Some of the 
ist considerable of these we will endeavour briefly to 
jlain^oni! in doing so we shall find the principle still 
rther elucidated. Dry and abstracted as the specu- 
to which it is here applied may appear to be, yet 
is by the extension of the same principle that, in mo- 
rn times, the empire of the human mind over matter 
i been established, our extended insight into the sya- 
n of the universe atrained, and, by consequence, the 
gh elevation of man in the scale of intellectual beings 
ainly effected. * 

Directing his attention to the many singular properties 
nd analogies of those remarkable curves already alluded 
o, whirl] are formed by the sections of a cone, Archi- 
medes perceived a beautiful application of the method of 
haustions to assigning the area of any portion of a 
rabola. This, however, involved a new kind of limit, 
t. the same notion of a boundary, as it were, applied 
o numerical quantity. Such a limit may be assigned, 
o the continual addition of a series of numbers in geo- 
etrical progression, when the common multiplier is a 
action. It is very easy to see that if we take. For 
asiance, a geometrical series, 1,1, -fe, &c, where the 
Hi multiplier is j , the series will go on indefinitely : 
we take the sum of any number of terms, we shall 
nd that every new term added will add less and less to 
nunt ; and there is a limit beyond which no con- 
on of the process can carry us, but to which we 
lay approach as near as we please, and this limit will 
ie the number i. 

Now, in the parabola, if a triangle be inscribed ; and 
i each of the curvilinear segments which it leaves, 
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other Email triangles in a similar way; i 
tnaining segments, others again in like mam 

continually; it may be demonstrated by t i 
properties of the curve, that the areas of th 
triangle, and of each of the sets of small tru 
formed at each successive operation, will cor 
series in geometrical progression, 1, ^, -^~, 
limit, therefore, of the sum, that is, of the w i 
linear area, is * of the original triangle. But 
of the sum of all the inscribed triangles is also 
be the curvilinear area of the parabola. Hence 
Tilinear area is exactly ami rigidly equal to $ 
scribed triangle, or, as easily follows, § of the 
scribed rectangle. 

By processes similar to this, the same disti 
geometer proceeded to investigate a vast nu 
other properties and relations of geometries 
One of the roost celebrated, perhaps, is hia 
stration of the singular relation which subsists 
the surfaces and the solid contents of the s] 
scribed in an equilateral cone, and the cylinder 
about the sphere. Both the surfaces and the 
form geometrical progressions, and with the sa 
mon ratio, 4- He was so struck with this disc* 
to order it to be inscribed on his tomb. 

By the further application of these methods 
vanced so far in the question of the circular an 
show that if the circumference of a circle he a 
extended into a straight line, the area will be e 
right-angled triangle, whose base is the radius 
tude the circumference: it would consequent! 
pressed by taking half the rectangle, or produ 
radius, into the circumference. The quadra tu 
circle, therefore, is reduced to finding the lengt 
circumference in rectilinear measure. liy an e- 
comparison of polygons, he piovral that the 
the circumference to the diameter must be lc 
Siftto 1 and greater than 3-1 Jflo 1. 

Conon, the friend of Archimedes, suggested t 
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: which the latter developed, of the spiral, which still 

K goes by his name. A point being supposed to move 

2 uniformly towards the centre of a circle along its radius, 

. while the radius itself revolves uniformly, describes in 

z its course by these combined motions the spiral in 

s question. But it would be in vain to go on enumerate 

- ing the different mathematical topics which engaged the 
, attention and displayed the pre-eminent talents of this 
2 distinguished man. What we have said may suffice to 

illustrate the general nature and character of his re- 
r searches, and will prepare us to apprehend more readily, 

- at a future stage of our review, how far he paved the 
. way for the more extended discoveries of his modern 

successors. 



Mechanical Science. » 

We have already remarked, that of the science of 
motion very little was known to the Greek philosophers: 
those speculations upon it in which they did indulge, 
were of an entirely abstract nature, and so mixed up 
with metaphysical notions, that very few real deduc- 
tions applicable to any thing in nature were, or could 
be by such methods, brought out. There was, how- 
ever, another branch of the subject in which their en- 
deavours were attended with better success, and which 
began to be cultivated by Archimedes. This was the 
science of mechanics as referring to the action of forces 
in equilibrio, and producing, not motion, but rest ; the 
doctrine of Statics, as it has been called in modern 
times, as contradistinguished from Dynamics, which 
treats of bodies in motion. This subject might be, and, 
as we shall see, was clearly understood, though the laws 
of motion were as yet unknown. The doctrine of equi- 
librium was treated by Archimedes in a way eminently 
evincing those masterly abilities which have placed him 
by common consent at the head of all the mathematical 
philosophers of antiquity. He establishes it on princi- 
ples so clear and satisfactory, that to this day scarcely 
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of the reasonings he has Mxuicfti His I 
point is the property «" the hr»er: the dcmn 
this i* made to rat lillin— *> li on the truth, I 
bodies at the ends of the tonal arrrs of * rod, sqji] 
on its middle point. wjBhahmer neb other; or, w 
nearly the same thin-, this ■ regular cylinder of 

attttar will balance on the middle point 
I Dgtt, These principles, in whatever light we 
tma, Maj be considered as not admitting any o 
proof. Piocwdillg, then, upon these, as in. lis putt 
not self-evident, lie pursues his proof with sinful 
MnftJI M ttw iWMliiimi, thai bodies will he in 
UMc when their distances from the fulcrum or pi 
MjigMrl arc inversely as their weight. He ad 
fan mk to the kimlrcd subject of the centre of gi 
establishes several propositions relating to it ; alk 
AM in man)- differently shaped bodies 
would bo incompatible with our Emits to ente 
further details of his investigation ; and it will be 
Huuus to do more than allude to the practical ai 
lions of acohanical skill which he dbp] i 
nowned engines constructed for the def. 
The lnirrors with which he is said to hare burn 
Roman fleet, have excited much discussion, Th 
sibility of making such powerful specula, especii 
n coi ti bi nation of small plane mirrors, forming a t 
of many faces, approaching to a curved concave 
has been shown by Buffbn. The extent to whii 
edict could be applied under the cir cum stances 
case, is the part of the subject most open to que 
die distance at which the vessels were, and their n 
iti£ sufficiently stationary, are doubtful points. 
philosopher may have produced in effect in one int 
under a favourable combination of circumstances., 
sufficiently terrified the enemy to prevent their app 
ing a-ain. 

Though wt have no record of any labours of j 
metlea in the actual field of astronomical obserrj 



I he certainly directed his attention to the subject. 
: is said to have constructed n species of planetarium ; 
ind iidoptitig the views of Aristarchus respecting tlic 
i of the world, he took the distance of the sun, 
s estimated by that astronomer, for die busts of a cal- 
n of die number of grains of sum! which would 
e contained in the whole sphere of the earth's orbit. 
" e treatise in which this investiptlioii is made, is, from 
i circumstance, entitled " De Arenario;" and was 
n illustration of the powers of arithmetic, 
nd of the utility of a decimal system of notation. 
To the comprehensive genius of Archimedes we owe 
; original discovery of the principal laws of liydro- 
tics ; though, possibly, a few detached facts had 
sn noticed by Aristotle and his predecessors, yet, eer- 
tinly, no general or accurate examination of the subject 
tad been made previously to the time of the philosopher 
f Syracuse. He unquestionably established the gene, 
d law, that a solid body, when immersed in a liquid, 
ises a portion of its weight equal to that of the liquid 
t displaces. It has been remarked, in the " Introductory 
n the Study of Nat. Philosophy" (p. 232.), how 
angular an instance of the force of prejudice is here 
Horded, in the circumstance, that it should not have 
ieen seen that the weight lost is only counteracted by 
lie upward pressure of the liquid ; and in the adherence 
o the doiiTiia that " liquids do not gravitate in their 
latural [dace." Archimedes, however, if impeded in 
it to which he might have gone by such notions, 
lid not mix up these speculations with his researches, 
was exceedingly struck with the discovery of the 
iciple referred to, which is said to have occurred to 
tim from observing the water rise in a bath on the 
nersion of his body: in the ecstasy of the moment 
ran out without stopping to clothe himself, exclaim- 
, Ei/pyxx (I have discovered it). The story of 
,-ro's crown, connected with this, has been so vari- 
>usly repeated, that it is almost impossible to decide 
what the real circumstances were, or by what means the 
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determination was actually made. 
clear ; two masses of equal weight, but of i 
tity or specific gravity, being successively 
water, the less dense being the larger mi 
place a larger body of water. If, then, ih, 
crown contained some metal much less deni 
it would displace a greater mass of water 
the same weight of pure gold. But if the 
density was small, it would require an esti 
rate measurement of the water displaced, I 
the question. 

His treatise on floating bodies rests upon 
cal principles which are still the foundatioi 
ence : he assumes as a postulate, that in wat 
which are less pressed, are always ready to 
direction to those that are more pressed ; an 
by the application of geometrical reasoning, 
the whole theory of floating bodies, of diffei 
trical forms. He was unquestionably th. 
made any considerable application of mathei 
instrument of physical research; and no indi 
haps, ever laid the foundation of more discovi 
ingenious and simple pump, which consist 
twisted in the form of a corkscrew; and, be 
an inclined position, with one end immet 
water, is made to revolve about its axis, by ■» 
the water falls into the successive turns of 
and ultimately runs out at the top; was tbi 
of this eminent philosopher, and is at tin's 
by the name of Archimedes's screw. Upon 
We must entirely agree in the praise bestowet 
by Dr. Wallis : — " Vir stupentls; sagacitntis, 
fundaments posuit inventionum fere omniurr 
proinovendis ictas nostra gloriatur." (A mi 
derful sagacity, who laid the foundations o] 
those inventions, the further prosecution ol 
the boast of our age.) 

The death of the philosopher took place, 
known, by the hands of a soldier who did 
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at the taking of Syracuse, though the [toman 
•neral, Marcellus, hail given orders, and even offered 
ward, fur saving his life, it. c. 212. 



Apollo niiut Pergtnis. 
Among the eminent mathematicians who attorned the 

* school of Alexandria, none was more celebrated than 
Apollonius of Perga ; a disciple of Euclid, and nearly 
contemporary with Archimedes. He was distinguished 

* among the writers of the subsequent age by the title of 
the great geometer. He certainly ranks next tu Archi- 

" medes ; but, according to Pappus, his high intellectual 
idowments were considerably tarnished by arrogance 
nd envy, and a disposition to depreciate the merits and 
eery the originality of others. 

His most celebrated work, perhaps, is that on the 
mic sections. Taking up the subject where his pre- 
ecessors of the school of Plato had left it, hi' wuuld 
ipear to have been the first to perceive what we have 
store referred to, the formation of all these curves by 
ifferently inclined sections of one and the same cone. 
*o us, indeed, this appears sufficiently ohvious ; but 
»hen any new discovery is presented by its inventor 
mder a peculiar aspect, it may be long before it cornea 
contemplated in any more general point of view, 
.pollonius, however, proceeded to the discussion of a 
;t variety of properties ani! analogies of these curves, 
laving deduced them, in the first instance, from the 
me, he proceeded to establish those properties by which 
e are enabled to conceive the curves as described in 
ano, It is worthy of notice, that in doing this he 
>es not consider, as of fundamental importance in his 
'stem, those remarkable points situated within these 
uvea, called their foci ; he alludes to them, indeed, 
Hit not by thut express name. These, however, are, to 
r apprehension, mixed up with the most primary 
tion of these curves as described in piano. We fasten 
string by its two ends to two pegs fixed in a plane 
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€ two radii which always differ hy a constant, nuantity. 

ie of the sets of circles, we subr-tiiuU- the 

rallol lines, the curves will be parabolas ; the straight 

~ being, as it were, portions of circles whose radii 

j Infinitely great. Or here the intersection is that of 

o radii, one of which is infinite, and ahvays in a po- 

1 to itself ; either the sum, or the difference 

, may be taken as a constant c|Uauti[y ; and the 

hula is, in every sense, the limit between the ellipse 

d hyperbola. 

""" t s.-i-i iirn formed by a plane passing through the 
it of die cone, is obviously two straight lines meet- 
t point. Any section parallel to this is an 
erbola, and hyperbolas will be formed by oil Biicb 
uiea up to the position of coincidence with the vertical 
' Is rectilinear section is, therefore, the limit of 
1 the hyperbolas. -Again, there is no difficulty in con- 
jving any of these hyperbolas referred to, or projected 
upon, the plane of the vertical section : and in this case 
it is easy to show, that the rectilinear section and the 
— hyperbola (which falls within it) being both supposed, 
— along with the cone, to be prolonged indefinitely, the 
-hyperbola is constantly approaching nearer to the recti, 
-linear section ; and at no distance, however great, does 
-it meet it : this straight line is hence the limit, again, 
o the direction of the branch of the hyperbola, and is 
" s axymptote. It will be easily apparent that 
hing of this kind can happen with the parabola, and 
a with the ellipse. This curious subject was in- 
stigated by Apollonius. 

There is no limit, however, to the various speculations 
f this kind into which the fertile analogies and relations 
it these curves lend us. We will merely add one more ; 
that as in the circle the rectangle of the abscissa; is 
f.-jiutl to the square of the ordinate, so in these other 
ections of the cone it is equal to it when again 
multiplied in a certain constant ratio; and as in the 
i abscissa is infinite, the variable part is 
e reduced to a single term, multiplied by a 
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on* another. If all the pcinx o: t*u?ir in 
jnariced and joined, there will resulc a cw*. 
tar v<± which may be traced out : dependen 
upon the namre of the original curve. "jTi 
th* troivtt of the original curre : and j^ 
litel* difficulty in perceiving, that if this evol t 
ptmfA formed, and a string wound upon it t 
th* *frin<y *• it in unwound, will trac*» ^.^ _, 



tin 1 central conception i* 

i]ile. If from any point a number of lines 

drawn to a given straight line, one of these will be 

rter than oil the rest, or the minimal : thin will be 

perpendicular. Of all lines cutting a circle the 
meter is the maximum. These are obvious cases ; 

others of greater complexity soon came to be inves- 
ited. 

Hie subject nf the geometric loci, as we have already 
erved, had been cultivated in the Platonic school, 
ipus records, with high com rn end at ion, a work on 
i subject, by Arislieus, the pupil of Plato and the 
:hcr of Euclid. Neither tills work, nor s treatise 
the same uuthor on conic sections, has come down 
us: but Apollonius took up the former subject as 
I as the latter ; and his work., " I »e Locis Plants," is 
roduction of extensive learning and ingenuity, com- 
sing a remarkable collection of curious properties of 

circle and straight line. This work, especially as 
tored in its imperfect parts by Dr. It. Simson, is an 
nirable specimen of the style of the ancient geo- 
try. Another production of Apollonius, entitled 
ieclio Rationis," is an elementary treatise on the 
'metrical analysis; in whtch, pursuing the methods 
nmeiieed in the data of Euclid, he enters at large 
u the subject, and delivers many of those refined and 
lutiful methods by which these favourite speculations 
the Creek geometers were carried on with such dis- 
guished elegance and success. 

Itficamedct. 

Nicomedes (about 200 b. c.) is well known as one 

" in the solution of the 

ebrated problems of the duplication of the cube and 

i angle : for these solutions he em- 

>yed the method of loci, ant! invented a peculiar 

, by means of which constructions are 

easily made for solving these problems. The curve 



was named the Conchoid, from a 
form. 10 the outline of a shell. The i 
scription of it which be devised, is, perhaps, 
aeveral combined motions exhibited, one of the 
markable of this class of mechanical cons 
Upon a ruler in the form of a T, another strai 
is moved, so that a fifed point in it moves a 
horizontal line of the T, whilst the ruler alwa 
through a fixed point in the stem of the ' 
then, any point in tins movable ruler be taken 
tracing point, it will be found to describe a s 
curve dlBering according to the position assi 
the tracing point, and exhibiting all the vai 
conchoids, which are very remarkable. N 
monument of the genius of Nicomedes | 
down to ub. This construction is certainly i 
than merely an elegant speculation ; yet it mi 
materials of contemplation lo those who feel at 
in tracing the singular results which often ay 
what are apparently the most simple combim 
geometrical condition?. It is a sort of paradox, 

E every point in a straight ruler is thus describing 
iime time, a distinct curvilinear path of widely i 
form. If it answer no other purpose, it may h 
in exciting curiosity and stimulating enquiry, 
■cat 
the 
ierv 
ran 
the 
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men 
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Astronomy : — Aristarchus, Eratosthenes 
In the school of Alexandria astronomy seemi 
acquire new life. In this magnificent obi 
the first time, a regular and systematic course i 
lervatiun seems to have been kept up, with the » 

rately determining those primary facta i 
the only real basis of the science. Th." 
laborious work was begun by Aristillus and 'j 
and was principally confined to those fundament 
tnente, the places of the fixed stars : to these su 
Arifitarchus, b. c. 281. 

To the diligence of an observer, Aristarchut 
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spirit of a philosophical enquirer into MB I 
tual relations of the Bjslem of the world. He ail vo- 
ted the Pythagorean or solar *ystem. One of the 
3 objections brought against it was, that if 
! earth were in motion, a fixed star seen from one 
n the earth's orbtt would he referred by u a to a 
in the heavens different from that to which it 
jidd be referred when we are at the opposite point, 
but thai, in fact, no such difference is observed. The 
reply of Aristarehus evinced a correct conception of the 

* magnitude of the celestial spaces: he alleged that the 

* whole orbit of the earth is a mere point in comparison 
with the distance of the fixed stars. This would, of 

* course, render such difference in apparent position 
(called parallax) so sinull as lo he quite insensible to 

it observations. 

so suggested an ingenious mode of obtaining 
the yhUir-' distances of the sun and moon from the 
earth. When the moon is exactly half way between 
new and full, it requires but a moment's consideration 
o perceive, that the three bodies form a triangle which 
a right angle at the moon. In this case, therefore, 
e measure the angle subtended between the moon 
the sun, the ratio of their distances from the earth 
imply (in modern language) that of the cosine of 
it angle to radius. His determination, though but 
ighly obtained, served to give much more accurate 
actions of these distances than had as yet been enter- 
"* ( also endeavoured to estimate the magni- 
tudes of the two luminaries. 

: of Eratosthenes, another Alexandrian 
astronomer, has been rendered ever memorable from his 
attempt, the first ever made, to estimate the actual mag. 
nitude of the globe on which we live. That the figure 
f the earth was of a spherical kind had been long be- 
» held in the schools of tireeee ; and there were so 
many obvious arguments in favour of the belief, that it 
e become evident as soon as men began to rea- 
n at all on the subject. We have no ground to suppose 
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that any actual attempt was made to measure th 
ni attitude before the time of Eratosthenes, 
indeed, mentions that mathematicians had 
circumference of the earth as 4-0,000 stadia, 
grounds for this are assigned ; and it seems that 
conjectural ideas on the subject were prevalent 
principle on which Eratosthenes proceeded was i 
lima which lias been adopted by the modern 
men, and in theory is perfectly exact and salii 
Observations of the meridian altitude of the 1 
bodies made at two stations under the same t. 
will gire the difference of latitude of those statio 
then, the distance between them be actually m, 
we ahull obviously have the length of a degree of 
III terms of the measure employed ; and th 
Iiiil'IIi of the whole circumference of the globe, 
aguin, we call calculate (to any degree of approxil 
it; diriiiiiki'. iind again its mass or solid content. 
When, however, Eratosthenes proceeded to 
ihis idea [0 practice, so loose were the deter 
of the data (contenting himself with a mere 
the distance of the two stations), that the res 
be of no value even were it not lost to ua 
ignorance of the length of the stadium by 
reckons. His observations were made by means 
shadow of a gnomon ; and by this method he 
recorded observations of the solstices, whie 
remarkably well with what the values should, hi 
at that date upon the modern theory of the diiL 
of obliquity according to the principles of grai 
He died i>. ii. If)*. 

Hipparchul. 

Hipparchus, perhaps the most distinguished c 
"f the Alexandrian observatory, flourished ab 
1 fl 0, and has been called the father of astronomy 
'"lately all his works, except one of trifling jrn] 
uave been lost. We learn, however, the partit 
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b researches from Ptnh'my. From his existing work it 

s been elicited that he was in possession of the prin- 

iples of sphenoid trigonometry, of which we rind no 

'n any previous Greek author. Delambre consi- 

ii us the inventor of that science ; and if so, this 

ould entitle him M die highest degree of praise ; 

»th in an abstract point of view, and since without this 

1 auxiliary science astronomy could not advance a step. 

Hipparchus not only gave a more accurate deLermin. 
1 mtion of the length of the solar year than hail ln-eii prtvi- 
usly done, but investigated with par ticular care the inequa- 
ty in the sun's motion, which had, in a general way, been 
ing before noticed. The most ordinary observations of 
le solstices and eipiinos.es sufficed to show that the ran 
ook a longer time in passing through the northern than 
trough the southern half of the ecliptic. Hipparehus 
etermined the former to be 187 days, and the latter 
78J. To account for the increased velocity of the 
i's motion during this latter half of his course, Hip- 
chns imagined the theory of the sun's apparent orbit 
I circular, but the earth not in its centre. This 
ould give a plausible e\plaii<iriuii of the apparent dif. 
7 motion. He pursued also siuular observations 
ird to the moon, and constructed a similar 
leory of her orbit ; observing, also, its slight inclination 
o the- plane of the ecliptic 

With regard to Hipparchus's theory of the solar 
orbit above mentioned, and to the view* of the planetary 
l generally adopted in the school of Alexandria, 
onsiderabie difference of opinion is found between dif- 
ferent historians. By some it is contended that the pri- 
mary principles at least of the theory afterwards adopted 
\f Ptolemy were introduced in the age of which we are 
jw treating. It may not, therefore, he improper here 
o give a cursory sketch of its nature. 

n as the actual apparent motions of the planets 
were tolerably well known by observation, it of course 
le an object of interest and importance to form gome 
eby which their real nature might be best repre- 
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sen ted. The simplest and most natural, that l 
form million round the earth, was soon ilispro' 
it was noticed that the motion at some 
slower, the planet at length stationary, and ll 
time retrograde; again stationary ; anil 
gressive: all this recurring at certain period*, ■ 
were known from observation. 

The original suggestion of a mode of solving 
Bculty, and representing these apparently 
motions on a simple hypothesis, has been as 
Apollonius. He conceived, that in the circuml 
a circle, having the earth lor its centre, there n. 
centre of another circle, in the circumfen i 
the planet revolved. The first was called the t 
the second the epicytle, and the motion in each w 
posed uniform. The motion of the centre of t 
cycle in the circumference of the deferent wi 
the east, that of the planet in the epicycle U. 
west. In this way the observed changes from i 
retrograde motion, with intermediate stationary 
were readily explained, and the ratios of the rad 
aary to account for the observed extent of tl 
were also calculated. 

Thus an object which was then considered c 
importance to astronomy was accomplished i 
production of a variable motion, or one which w 
tinually changing both its rate and its directior 
two uniform circular motions, each of which pr 
always the same quantity and the same directum 

The theory framed by Hipparchus to repress* 
inequality of the sun's motion (of which wo have* 
spoken) has been represented by some authors * 
ing this principle of epicycles ; and as consistij_ r 
epicycle of small radius, in whieh the sun revolve 
the same angular velocity, but in an opposite di 
to that with which the centre of the epicycle 
in the deferent. We feel, however, little i 
entering upon such a question : it was necessary tof 
to it, and to the general subject of the theory „f t j 



les, on account of IK- oelcbrit] fh«J afterwards 
uirol, as we shall see in ihe sequel. 
IK- also nude ihe first uttempt to estimate (he di«- 
ttt of ilit sun ami moon. His calculation wi« 
ntled on measures of their appamit diameter*, and 
tlit.' diameter of the earth's shadow it ill 
it ; which wjib derived from the time occupied by 

moon in fifing tin jli ii in to eclipse." 

The most important, prriwfi, of all the services rcn- 

astronomy by Hipparchus was ihe formation of 

catalogue of the fixed stars ; an enumeration, thai to, 

' all the principal stars referred to their actual potttiMM 

latitude and longitude. Indeed nothing but such an 

urination can ratify their claim io (he title of '"■'' 

lies. This was obviously a work requiring immense 

iduity as well as precision. Hut its chief value is in 

ing an exact representation of the state of the h< arena 

u fivrtirutar r/xii-h. 1 1 ii tin- coin pal mod of an ancient 

talogue with one made from observations of the pre. 

It day, which gives the value to both sets of BBMrf- 

sns. It is by this comparison that we learn whether, 

the course of ages, the actual configuration of the 

rs has undergone any change; ami by this means 

ne that wc can deride whether the fixed (tars are 

'hat they are warned to he, points actually fixed u 

tandatds of measurement, to which we can refer the 

daces of the obviously varying bodies of our system ; 

tnd by measuring from which, as fixed points, we can 

iheir motions, and deduce with accuracy the 

lws which govern ihera. Hence the values of cata- 

igues tif different ages. If these ancient astronomers 

enjoyed the instrumental means of making tlleu- 

■talogues as perfect as ours, there are numerous ques- 

t of the highest interest in astronomy which might 

have received their solution, but which, under exist. 

st wait for ages to come, perhaps, 

be decided. There are many of the 

■Inch require the accumulation of 

.HwiHiH.deFbfi-l.aS. 



most interesting [minis of enquiry have been c 

ly more probably yet remain in obs 

It was in this way t!iat Hipparchus, coinr. 

catalogue with tliir ohsi-rvntiuns of Aristillus a 

cllaris of 150 years hefore, perceived that all 

i, while they retained their latitudes sens 
tercel, hail advanced atiout two degrees in longi 
what amounts to the same thing, the equinoct 
appeared to have retrograded along the eclipt 

e quantity. In other words, lie made the 
covery of the iimw/rirm of wjainoxet, as a 
which the lapse of years had brought to light, ' 
received no explanation till the time of New to 1 
i To Hipparchus, also, we are indebted foi 
attempt at fixing geography upon exact prini 
referring the position of places on the earth's 
their latitudes and longitudes : he proposed 

e the laiter by means of eclipses of the mi 
also directed bis attention to the more accuro 
tion of the calendar. He proposed to quad 
period of Calippus, and then to subtract a da; 
' e whole, the praise we must ascribe to Hipj 
estionably very great, even though we sh 

r die encomium of Pliny somewhat extrav: 

H'lpfirchux Hwifuam 'at is laudatus, ut ^ 
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rig wrong in the light of the Deity, to (tiummw the 

its to posterity." 

With this indefatigable astronomer tile leil for pro- 
curing observations ap|war« to have ilitii nway ; anil 
n various causes, among which :■ 
later sovereign* of Egypt may havi- liml !!■, 
, notwithstanding the endeavours made by 1'loliiny 
/scon to stimulate (In- declining ..uniiv. (a, ■■. M-"), 

trotiomy was gradually reduced to a very low ebb, 

ill though (about b. c. ?,ii) Tlieodosius and Mcnclaus 
te on the sphere, and on spherical trigDUOn 
man of importance were made in these *■.-■ 

«1 t 



Pliyxirnl StfOTMS. 
From the school of Alexandria emanated the first 
itifiil trestUe. The regularity wit! which the rays of 

;ht take rectilinear courses seemed naturally to make 
a subject of study to the geometer. Euclid, per- 
ceiving this affinity, began to apply the Kiel 
ready cultivated with so much success to explain the 
ws by which the directions taken by the rays of light 
e regulated. This was probably some years previous 
to the labours of Archimedes in reducing other parts of 
hysical science to the dominion of mathematical laws, 
treatises are extant, one on optics (in the more 
mited sense of the theory of vision), the other on ca- 
optrics, both ascribed to Euclid, but, as is now gene- 
ally allowed, erroneously. In the optica, the principles 
are investigated by which we judge of the magnitudes 
of objects j but the reasoning proceeds too exclusively 
n tile mere geometrical consideration of the angle sub- 
tended, without taking into account other causes. In 
other respects also the investigations are faulty. In the 
catoptries, the genera! principles of the place of images 
by reflection are also laid down, but not by any means 
ectly; anil the proofs are obscure and defective. 
These and other faults, so unworthy of the distin- 




TW —ii-fl ataral i»a*iiri berai far Archimedes* 
•W*M W CVaMus aswf Bm in the school of * 
*■**■ a craaan laatar.tar ismk w.c ISO. Thtj* 
■W Cm ■ W. If** ' ' 

ia;j ;'-.'- -.-■■n eies 

mw a— Ilia maw. *t iw aatapie principle*. » a* 
tSw« cirt ti* uw rf km; ■ ; . «* mechanical p»« 
aW •*■■» svsarsi which it retailed ti the present if 
UfcWraetatan. *fag tW dt w d ap aaa ent (as ire hi 
— ) «f a— erf the a— at turwriil principles br A* 
■tede*. it doe* a* a ppear thai any vctj nui 
e : t'ovth several of his ■ 

ll is uaxcfttM wheat tse cvtcann paanp 
reatrd ; but with the knowledge possessed 
du* ptr ia J it dm have been an easy 
That since the pressure of the air art* oa» d 
the water sa the resentar, bm is timowd £ 
Ae lube, the latter ought to he forced up, » 
■idetatian much too simple to accord with ti 
notum* of • philosophical theory ; and i 
rrnce of a vacuum hail already been c 
wore repeal explanation of this class of j 
1 1 i« evi lam. howerer, that the principle must fa 

■Tuiwii before the more complex ■ 
of it in the r fiini'ng-putfp, which was the ii 
,thaps the greatest mechanic c 
uetm. It was produced jdmoct « 
M* hrn of lb* modern fire-pup""^ 
er are also ascribed ll 
■ air-pi 
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tpottry, Hero, was distinguished for inns. 
i rather curious than useful ; surli a- i 

i i syphons, &c. lorniirii^ various kind* of 
antains and water- works. Basil DOBSivweM »erye lo 

e the mhhiim wliiili «ru node in the an 
' principles, however fallacious tlie theories ta which 
e principles were referred. 

Icro adopted the idea of nature's abhorrence of a 
it least as extending through any considerable 
sensible portion of space, lie made this limitation 
ise he conceived that in the insensibly mull bttff. 
i of bodies a vacuum does exist; ana !.-. 
is accounted for the compressibility of matter, IK- 
itrived a method for the exhaustion of air out of a 
iel, very nearly resembling the air-pump, and prac. 
illy applied it to the purpose of capping instruments. 
;o explain the efteet, he devised the long celebrated 

According to this theory, the upper portion of the 
r substance is drawn up in a lube or vessel, 
ng attracted and supported, as it were, by some 
ioua and occult power, applied in the act of 
i, whilst the next portions in succession are sus- 
ned by those above them; and the extent lo which 
"i action can be carried is limited by the weight of 
■ column suspended, 
l'osiilonius, somewhat later than Hero, followed in 
le cultivation of the same sciences. He enquired into 
e nature of the tides", and discussed the >tmoipherifl 
"Taction. In this he was followed by L'leomedes, who 
o compared the magnitudes of the earth and of the 
n.+ 

Our knowledge of all these invenlions is principally 
erived from the writings of Vjtruvius. Some of llle 
";s of Hero, and others of this age, appear in the 
luable collection published under the title of -■ Ma- 
matici Veteres." Olhers exist in manuscript in the 
ious public libraries throughout Europe. 

• Clf. ile N»t. Dwr.lL MetMr. cii. 
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in war, in polite literature, and civil policy 
«11~1 at all times a remarkable indisposition 
t of mathematical and physical t ' 
i treasures of Gieek literature were 
incipient curiosity of Rome, reposing from 
iumphs, the works of the poets, oraton 
liloaophere of that country, were sought 
tnd studied with ardour ; whilst those of the 
astronomers were totally neglected : 
ices, so highly estimated in the country n_ 
i birth, were not merely disregarded in Jl 
Ten considered beneath the attention of a u 
irth and liberal education : they were iiuagi 
; of a mechanical, and therefore servile. 

e practical results were seen to be made 

; mechanical artist, and the ahstract princi 
refore supposed to be, as it were, conl 
s touch. This unfortunate peculiarity i; 
intrymen is remarked by Cicero. 
not be irrelevant to enquire, whether similar j 
do not prevail to some extent even among o 
and whether the exclusive attachment to classical 
uiit the cultivation of the Roman literature, a 
aeis of the education of the higher classes, m. 
e from which such prejudices are too c 
mbibed. 
Nevertheless it must in fairness be admitted, L 
wme of the llonian authors o 



ews of the (lain 
clamatiou of Virgil,— 
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seem to indicate n more just estimation of Qm 
Jot of physical truth. 

Nor, again, must we omit lo mention the philo- 
plitcul poits, Lucretius, Manilius, anil Ovid. Of 
"r well known productions it would be superfluous 
; lo say more, than that the mere circumstance of 
r selecting the subject of natural philosophy affords 
presumption that a certain degree of interest in it 
ust have been generally felt among their readers. 
1 though they support, with all the eloquence of 
oetry, those theories of the schools, which in truth are 
much better adapted to suih illustration than to sober 
UHfiion, yet it must be allowed that they have placed 
e parts of the system of nature in a striking point 
lew, and sought to render them attractive by in- 
esrinp them with all the charms of poetical imagery. 

During the whole existence of the republic, we heir 
nit of one Roman who attained any reputation for 
ice in astronomy. C. Sulpitius ("Jallus is men- 
oned by Cicero as an indefatigable calculator of 
eclipses ; and it appears from Livy, that he predicted 
"pse of the moon on the night preceding a battle 
Between the Romans and Macedonians, which would 
'e dismayed tile superstitious Romans, and perhaps 
■e occasioned their defeat, had it not been foretold lo 
m, and adroitly converted into an omen of success. 
Ve know that a similar cause produced a defeat of the 
,tlienian army at the siege of Syracuse. 
Besides Sulpitius Gallus we have the names of one 
i Romans who are said to have written on physical 
nibjects ; but their works are lost, and we have no means 
of judging of their scientific acquirements. One of 
liese is Varn>. Cicero himself translated the poem of 
iratus, which, in fact, contains little worth translating; 
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5 best part is a mere expt 
□st obvious elements of astronomy ; whilst 
irtion of it is occupied with astrological prece] 
The neglect of astronomy among the Horn 
nlpably conspicuous in the confusion i 
ilenilar became involved. In the time of J. C 
Keren ce bet ween the beginning of the civil and* 
d accumulated so as lo amount to three months. 
niversal genius and penetration of that e 
1 him, among other subjects, to a cultin 
astronomy. We learn from Pliny that he 
s and composed some works on tt 
'hich, however, are entirely lost. In the 

e he applied his knowledge, with the a 
aigenes, a Greek astronomer, to the correction 
"snJar. The principle proposed was to take 
' as 3fi5 days, and every fourth year t 
tercalary day. This is very nearly exact, 
Ulte, since the length of the year is accural* " 

n 3fi5j days. However, it was then c 
fficiently precise, and the day added was | 
: called " Sexto Calendas Martii," and hi 
sexto," &c, whence the name 1 
This will be recognised as the mode of t 
adopted at the present day, with a slight t 
subsequently introduced. 

A disposition to physical enquiry, where it i 
among the Romans, scarcely ever went Further t 
produce an acquaintance will] the previous res 
others, a just admiration of them, and a diligei 
lecting and recording them. It never rose K __ 
racter of originality ; and the whole remains of 
literature do not present us with a single 1 
original scientific invention or physical discovery, 
nevertheless, possess the writings of several j 
collectors of the treasures of amassed knowlet 
whom we are under deep obligations ; and i 
whom have certainly shown the mselves posse 
,i beyond those of ^^^■t ' ! 
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The elder Pliny has left us the largest record we pos- 
sess of the knowledge of nature, in all its departments, 
which had been attained in his day. It does not always 
- appear how far he is to be understood as proposing his 
own views, or how far merely recording what had been 
observed by others : but we may here properly notice a 
statement which he gives, remarkably illustrative of the 
inowledge then attained respecting that highly curious 
subject, the tides. After having mentioned that Pytheas, 
a contemporary of Aristotle, had maintained, though in 
a vague way, some connection between the tides and the 
moon, he proceeds * : — " The ebb and flow of the tide 
is very wonderful : it happens in a variety of ways ; but 
the cause is in the sun and moon." He then very 
accurately describes the course of the tide during a revo- 
lution of the moon ; and adds, — " The flow takes place 
every day at a different hour ; being waited on by the 
luminary, which rises every day in a different place from 
that of the day before, and with greedy draught drags the 
seas with it." ... . " When the moon is in the north, 
and further removed from the earth, the tides are more 
gentle than when, digressing to the south, she exerts 
lier force with a closer effort." The meaning of this 
last sentence is not very obvious ; but the whole repre- 
sentation is certainly remarkable. 

Strabo, also, mentions that Posidonius maintained the 
existence of three periods in the tide — daily, monthly, and 
.annual — " in sympathy with the moon." Strabo, as a 
^philosophical geographer, may himself be considered as 
one of the ornaments of Roman science. He died 
a. d. 25. 

Plutarch, at a somewhat later period (about a. d. 
110), claims a place among the philosophers, as well as 
among the literary writers of Rome. He not only tra- 
velled to collect scientific information, but, patronised 
"by the emperor Trajan, opened a school in Rome, 
where he lectured with great reputation. His philoso- 
phical speculations do not appear, in general, to possess 

* Lib. ii. a 97. 
P 
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any very high character ; but (here is one idea 
in them deserving of notice: he suggests that th 
motion is preserved by a cause similar t 
retains a stone in a siing when whirled rapidl 
This must he allowed to form a fair illuBtratic 
way in which physical enquiry proceeded i__ 
ancients. The facts were observed as well 

a of observing allowed ; then some 
perceived, or imagined, or some casual illustratii 
out ; but there the matter was left. It was m 
that such analogies anil ii lustra I ions, fairly fi 
are the infallible road to philosophical truth. 
from never pursuing these conjectural theories i 
consequences, and from never attempting 
them to the test of numerical values, — in a w_ 
mistaking the use of hypothesis, rather than 
undue fondness for it, — that the ancients failed 
preting nature aright, and in arriving at a sount 
of physical knowledge. In a similar Hay, L 
mentions the fact, that in vacuo all bodies fa 
same time ; but there he leaves the matter, with 
ther notice, or pursuing it into any of its conseq 
• In practical optics, we know that the ancients 
vanced to the construction of metallic specula, b 
and spherical. Plutarch also informs us, thai £ 
Vesta was only allowed to be rekindled by th 
the sun concentrated by a toimal speculum of « 

Glasses in the form of spheres were in i 
for burning, by bringing to a focus the rays of 
probably as early as the time of Aristophanes, b 
Pliny saye that a globe of rock crystal was usei 
same purpose, and employed ill surgical operatic* 
»lso mentions the power of a glass globe f 
water to produce a strong heat, by colled ■ 
the sun;': and expresses his surprise that the wm 
should all the while remain quite cold.t 

The fact that, in certain instances, vision 
glasses produced a magnifying effect, i a jy^ 

• Liti.ii.i38. CLilixixvi )7 ,_ 
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;!n' ilc|MTi,li'iice of this on the lenticular 

a of the glass seems !•• have been wholly unknown , 

tliis case was confounded together with other*, in a 

y evincing a total absence of all conception of the 

ise. Seneca mentions the magnifying [toner of ft 

mil glass vessel of water, associated with a statement 

rely imaginary, that the stars are magnified by being 

n through a cloud ,• anil ascribes the cause (a MUM 

ner of humidity. Speculation! of the like nature are 

so given on the rainbow. Perhaps one of the most 

rious and interesting subjects adverted to by this 

Titer is the phenomenon of the prismatic colours. He 

"nctly describes an angular glass rod, evidently of a 

natic form, which, he saya, produces colours like 

a of the rainbow. This lie considers to be occa- 

jned from the circumstance that the image is irregu- 

ly formed'; (tjuia enormiter facia est;) and adds, 

it such a glass, properly made, will give as many 

ages of the sun as it has angles : which is nothing 

ire than the multiplication of an object, by a glass 

t with a number of faces." He appears to have re- 

, also, the atmospherical refraction, and the 

Mticity of the air. t 

Aldus Ciellius (ahout A. n, 130), among the variety 

subjects he has recorded, has preserved some curious 

rticulars relative to practical optics, aa known in that 

9 : in particular, when speaking of the properties of 

lectors, he has mentioned one relating to concave 

rrors, which, for a long time, completely haffled the 

11 of the most scientific commentators to interpret, 

til it received, very recently, a complete elucidation 

i Mr. Homer.J This property, so obscurely ex- 

ressed (as, indeed, are several others of those here 

sed), is extensively available in optical deceptions, 

d, doubtless, afforded the secret of many a miraculous 

"on in iiti ignorant age. The particular property 

: v ;■ . : ..I in Bf6a. B»U>,1«3£ 
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e day, and the diligence of a distant age, shall 
to light those things which now lie hid : one 
will not suffice for such great discoveries. The 
will come when our posterity will wonder that we 
d have been ignorant of things so obvious.) 
rid Cicero, as if in anticipation of the triumph of the 
ctive philosophy, emphatically exclaims, — " Opini- 
1 commenta delet dies : nature judicia confirmat." 
3 lapse of time obliterates the glosses of human 
on, but establishes what is conformable to the 
nony of nature.) 

The Second School of Alexandria. 

fter Egypt had become a province of the Roman 
re, the city of Alexandria still continued to be a 
irite abode of the sciences. Though, for a long 
id, the high fame of its school had declined, yet 
j were not wanting those who continued to culti. 
various branches of literature there. And at a 
age, under the dominion of the Antonines, com- 
ing a. d. 140, and especially under the sway of 
philosophical Marcus Aurelius Antoninus, a con- 
able revival of science took place in the scene of 
former triumphs; a new constellation of genius 
n to arise ; and though, neither in numbers nor 
ninence to be put in comparison with their prede- 
>rs in a former age, yet the Second School of 
andria produced several philosophers of consider- 
merit, and some works which ably sustain their 
tation. 

Ptolemy, and his System. 

Iaudius Ptolemsus, a native of Ptolemais in Egypt, 
nonly known by the name of Ptolemy, flourished 
Jexandria about A. d. 1 40. He revived, in that 
ol, the cultivation of astronomy, which had been 
>st entirely dormant during the three centuries since 
parchuB. Animated with the ambition of restoring 

f 3 




b just estimation, and of jk 
what his predecessors had left unfinished he 
necessity of collecting the mad-rials 
works of Hipparchua ami others into a regular 
and combining these with his own iarasdnA 
to form a complete body of astronomy, ';-. 
his great work entitled Mey^i Eti»ra£.,- ( : . 
the publication of which forms an epoch in 
of science. This work, becoming known 
the East, was preserved there, and survived 

rism of the middle ages. It formed the bi 

astronomy of the Arabians, and, for a. eonsideral 
of modern Europe also : from the former it i 
the title of " Almagest," by which it was if 
known in Europe. 

Comprehensive as was the design, and elatx 
of this work, it labours under one 
defect, — the adoption of that view of the systei 
rorld. which makes the earth the centre, and i 
and planets to revolve round it. M 

:ady remarked that there was little in point 
argument from facts, to decitle the judgment 
this point; yet it is dil 
conceive that the arguments from probability i 
and simplicity, should not have preponderated 
who were imbued with any thing like a philosophic 

Ptolemy, however, argued against the solar 
He reiterated the already refuted objection of p 
and reasoned upon the false and gratuitous thi 
the peripatetics about motion; contending thai 
earth were really in motion, it ought to leave t 
all the loose bodies upon its surface, which (at 
to their theory), as being lighter, must mot 
■lowly. This, and many equally absurd argum 
adduced; though he admitted that the Pyth 
•yMem possesses much greater simplicity. 

We have before mentioned the theory of the e> 
vi account for the planetary motions: these were 
l.y Ptolemy in their full extent. It 1ms been oft 



defect, — the idoptii 
world, which nukei 
the sun and planet 
already remarked tl 
argument from fac 
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writers, that, in adopting ihem, he niirrK in- 

■j frame ■ mathematical cousin j 

mvenictiily KpraMM lb* fact*; but till* would 

appear hardly reconcilable with (he carncstMs* be 

displays in arguing for thai phisical aym-m of the 

planets, and the Aristotelian doctrine of motion, winch 

: :<.t'esury. His own c 

on which this notion has been defended, arc O 
From conclusive either way. He merely speaks e 
hypothesis as one which will " tare the phenom 
we may, without violating the English idiom, litrralig 
nslate the Greek. It is certain that his laler fo!_ 
vers considered these to be the real motions of the 
met* ; as they also believed in the real sulisuntial IX- 
ence of the crystalline spheres, which Kudoxus liad 
vised as the causes of the celestial motions. Mteit- 
, in particular, has a staong and explicit passage to 
s etiect. 

However this may be, the various inequalities which 
re successively observed in the planeiary motions gave 
e to new applications of the same principle. Alt 
■quality had been discovered (aawe have teen) in the 
>on's morion by Hipparehus. Ptolemy discovered 
notber, which varied according to the angular distance 
the moon from the sun, and was called '!: 
te first of these was explained by the moon'* motion 
an epicycle whose deferent was the mean orbit. But, 
■ the second, it was necessary further to suppose that 
b centre of this deferent again moved in another 
cle. Of the enormous and increasing complication 
such a system, arising from the extension of this 
inciple to all the planetary orbits, as well as to the 
il inequalities of the sun and moan, it is hardly 
to say much. It certainly owed its general 
ption to the convenience it gave in calculation. 
(wing to the preservation of the principle of circular 
ition throughout, the geometrical constructions, and 
irithtnerieaJ computations, involved, were ra-Ter of 
at difficulty ; and the accuracy of the leaulla was 



sufficient for the purposes of astronomy a 
~" system was, therefore, adopted by as 
'enient one for practice, even if , 
inclined to question its physical truth. Never 
the conception of the planetary world carryii 

i by the aid of such mechanism, 
been a considerable effort even to tbe most 

mion. Some illustration of the 
difficulty thus occasioned may be afforded, if 
serve, in passing through a wood, in how e 
complicated a manner the relative positions of 
appear at eaeh step to he continually changing 
considering the difficulty with which the lawi 
apparent motions could be traced, if «-e were to a 
refer these changes to a real motion of the tree 
o that of the traveller. In order, howerer, 
plete the illustration, we must yet further inuf 
■would he the increased complexity, if each of 

real motion of its own, besides t 
motions resulting from that of the observer ; w 
"he case in regard to the planets and the e 
Such, however, was the Ptolemaic e 
obtained an ascendancy for a longer series of i 
over a larger portion of the world, than any o 
monstrous complication of purely gratuitous hypo 
which, to account for every new inequality " 
entangled in new perplexities, and, to solve ev 
difficulty, had to he involved in more hopeless o 
and its votaries went on, in the language of th 

Cycle and epicycle, orD In orb." 
All this complexity being incurred solely 
impugning the grand dogma, that " uniform 
belong by their nature to celestial bodies ;" and. 
lime principle, that " circular motion is pt 
incorrupt! hie." Vet such was llle system, 
adopted in that age by the contemporaries 
lowers of l'tolemy, but which uetuallv held its 



modem Europe until a comparatively fall 

:» obstinately retained as lontf an the increasing 
f inductive truth still left a dark nook where ici 
ns could find refuge in congenial ■ ■'. 
Of the instruments commonly employed by the in. 
otuers, the gnomon was at once tile simplest, 
1 probably the most accurate for itt. purpose, Besides 
e find them, especially in these later agei, tiring 
olabes, and armillary spheres of various constructiuni, 
I] being fixed with their circles in the actual po*i- 
« of the real sphere, the equinoxes were oh 
r coincidence of the plane of the circle representing 
r with its own shadow. Altitudes were inca- 
i by a circle in the plane of the meridian, and the 
ow of a small projecting piece at the extremity of 
rslvillg diameter, made to fall exactly on a corre- 
ding projection at its other extremity. Ptolemy hiru- 
f contrived a quadrant with a similar apparatus. He 
> used an instrument of a similar principle, hut of 
ich all the parts were rectilinear: he Au i 
I ihurd of the angle observed ; and found the allele 
a table of chords. The great defect in all these 
nstruments was that want of certainty in fixing upon 
■ the precise position of any celestial object, which cmihl 
toot be remedied without a knowledge of the telescope. 
Their graduation also, probably, was but of a very in- 
ferior degree of accuracy. Another fundamental defl- 
*cicncy in their observatories was in the accurate meant 
of meamring time. The clepsydra was open to manifest 
' objection. Upon the whole, it is rather matter of asto. 
nishment that, in the department of actual observation, 
the ancients should have done so much, considering lite 
limited means at their command, thtiH that tlley should 
ttot have effected more. 



The labours of Ptolemy s 
my : he produced a treati 




on Optic* ; the first ii 




niSTOHICAl. VIS 

which the Bulged of refraction is accurate! 
into. This treatise, though known i 
and quoted hy Roper Bacon, had disappears 
supposed to be entirely lost, till, in very reci 
copy (professedly a translation from the J 
found in the kind's library at Paris : another 
exists in the Saiilian library at Oxford. 
Ptolemy, actuated, doubtless, by the n< 

atmospheric refraction, as affecting the [ 
heavenly bodies, examined with great care a 
the angles of refraction corresponding to I 
incidence from to 80 degrees, when a : 
ft medium of water, or of glass, out of air. 
which he hence gave of astronomical r< 
more correct [hail that adopted by s< 
In an optical point of view, 
very exactly with the modern law of the si 
did not advance io any such generalisatioi 

Some modern writers (probably from : 
Bions of Ptolemy's work), ascribe to him the e- 
of the fact, that the sun and moon on the h 
pear larger than in the zenith, as depending o 
curostance that, in the former case, our ji 
influenced by comparison with terrestrial < 
has been ascertained by lie Lambrc, that in i. 
he docs not give any thing like this explanation 
is, doubtless, the correct one), but only a T « 
theory. This explanation is, therefore, pro 
to his Arabic translator ; and most likely dea 
Alhazen. 

Ptolemy distinguishes what has since been 
virtual focus, in the reflection from convex i 
the point where the reflected rays, if produc 
meet. And, among other interesting glimpse 
not fully discovered til! many ages afterwards, 
the fact, that colours are confounded togeth 
rapidity of motion ; and gives the instance o 
painted with different colours, and turned quic 
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Diophanrus flourished at Alexandria in all oarljr 

e of the Christian era; but hii precise 'late it matter 
quest inn. lie In* left a 'realise, in which lh« 
nciples uf what is in l':i ■ 

the form in which tint idenee il ww u»cd, are 
I down with great ingenuity anil ability , in thirteen 

, entitled " Arithmetic! Question*." 
e problems are of considerable intricacy ; and murb 
dress is displayed in stating them, so a! to bring out 
lationa in a Form involving only one (hum. 
known quantity. The whole pin 
common language, assisted by a very few symbol*, 
e abbreviations. CouaJdertng bo* little 
instrument bad yet acquired 
th which he worked, it is remarkable hu,. 

3 effect. He directed his attention particu- 
ly to the class of problems called indeterminate, or 
licit admit of a number of solutions : they have been 
nee known by tile name of Diophantitie problems. 
h algebra was not at all yet reduced into a *ym- 
iiiLi t. iiiii . it is remarkable that Drophanraa distinctly 
presses the rule for the signs in multiplication, by 
ring, that /.nil,- into Xii-V'? gives £«ipj.,-, &«, (tniini- 
ii minus gives plus). 

PapptU. — Decline qf ancient Srh-m ,-, 

1 The declining science of the fourth century was ahly 
upheld by Pappus, one of the last distinguished orna- 
ltsof the Alexandrian school, who flourished between 
>. 350 and 400 : he cultivated, with success, almost 
I branches of geometry ; and, in most of tbem, haa 

vstigatkms of considerable value. 
The subject of the loci was one to which bis atten- 
: was especially directed; in particular, be considered 
| case which was called the " locus ad quatuor 
os;" a problem which baffled the powers of the 



ancient p a wm , but whifh his 
affording one of the hi^bey triumphs to the 
analysis, and has Ud to the most extensive 
of which we shall give an account in the pnpH. 
> The principal work of Pappus is his " CoDa 
Mathematics:" in this, among ■ variety of other 
discussions, we hare a considerable space occi 
tin* establishment of the doctrine of maxima an 
ma, m geometrical grounds ; and * remarkable 
ration of it to the form of the cells of bees. 
, involved the consideration of a class of pt 
fetch, tn a note extended sense, hare since beta 
rlrictl.' The nature of these will be 
Je by a very simple illustration. — Let 
t rut out in card, and its length of circam 
d by, and marked upon, a piece of tape 
1Mb ft . Ml lata several other regular figure 
ire, hexagon, && be also rat oat 
cutting, ihej may be gradually b 
that the same tape will measure ml 
so t!iat they shall be all of exactly 
Mlgth as that of the circle ; the perfect 
BgURB being all the wbih 
rived. This bring effected, it will be very ea 
icing them successively upon one 
that although tlu-ir length; of perimeter are ej 
their areas will be seen to be of 

,t.' nidi points by machemeticai : 

' of mum J.itln-tih; , but the an) 

Pappua with great auoceaa in a 1 

HM It in (bund (and may be easily sbow 

pVtt | nttflad "i Ulostration) that, of all figun 

the aatna parlnnMr, t!i»t will have the pr« 

Which baa the greatest number of tides 

■ In i. ,!■. Inn Nncdad as a polygon of an f _ 

:. ) will include the greatest area! 
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perimetrical polygons. Similar considerations apply to 
solids and their surfaces. 

The form in which the cells of the honeycomb are 
made appears to accord with the deductions of geo- 
metry, on principles of which this is the foundation, hut 
to which several other considerations must be added. 
The only figures which, placed together, leave no in- 
terstices, are equilateral triangles, squares, and hexagons : 
of these, the last, of course, have the greatest content 
with the same circumference ; in forming contiguous 
cells, therefore, there is a saving of materials in using 
the hexagonal form. The mode of terminating the cells 
is the most curious part of the whole. Geometrically, 
an extension of the same advantages would be gained if 
they ended in three-sided pyramids, formed by planes 
cutting off each alternate solid angle of the hexagonal 
cell, and inclined at a certain angle, which is found by 
calculation. Precisely such conditions have been found 
to be observed by taking the average of a great number 
of measurements of the actual cells of honeycombs. 

This part of Pappus's work has come down to us in 
an imperfect state, but has been restored by Maclaurin. 
Pappus forcibly expresses his admiration at this very 
singular fact in the economy of the bee, exclaiming, — 
r< Kara, T*va <y£WjW£Tpnojv fxYixavavTai vrpovoiav." (They 
wvork by a sort of geometrical forethought.) 

In his fourth book, Pappus discusses several points 
connected with the quadrature of the circle, and de- 
scribes some of the inventions made by preceding geo- 
meters in their researches having that object in view. 
One of the most remarkable, perhaps, is the construction 
of a curve called the quadratrix, or squaring line, in- 
vented by Dinostratus and Nicomedes, of which he gives 
a demonstration ; and by which the length of a circular 
arc is assigned : but the application of it involves the 
principle of limits, and does not, therefore, materially 
help the question. It affords, nevertheless, some very 
beautiful geometrical speculations. 

The labours of this great geometer, however, extended 



to many other subjects, on which we cannot here* 
In his mechanical speculations he was 
he applies geometry with considerable effect V 
questions in this science ; but, in the investigation* 
inclined plane, betrays an erroneous notion of the* 
luiinn of forces, which renders defective his estimw 
the force necessary to sustain a body on the plane: 
defect in tile knowledge of so essentia] a principle m* 
a point beyond which the ancient mechanics did nm» 
tend, and which must have precluded a farther id 

Theon and Proclus, about the same period, or M 
later, were known chiefly as commentators on & 
To the former we are Utile indebted for his ni 
improve upon his author ; the latter wrote al 
tise on Motion. 

Diodes, who lived before a. n. aOO is Jara 
inventor of an elegant curve, called the < 
which he was led by a previous construction of P 
for finding two mean proportionals between f 
tremes. This curve is the locus traced out by tl 
tersection of a chord from one end of the diameter^ 
semicircle drawn to the snmmit of au ordinate ( 
other ordinate equidistant from the centre. A 
dicular at the other end of the diameter heci 
asymptote to the curve ; which was named the d 
from a fancied resemblance to a sprig of ivy n 
up a wall, as the curve does up its asymptote. 

On alluding to these abstract topics, thi 

fictions, as it were, of a geometrical imai 

which the ancient mathematicians loved to L 
the question of utility will doubtless be raised j 4 
tion which, of course, can only be answered w 
objector states to what class of objects he will 
the character of utility. For any practical 
these methods are no longer of use, because w 
possess easier and shorter processes. But thai 

■■ of abstract contemplation, as such, are not u 
i assertion which surely betrays the most < 
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ns on the part of him who urges it, and will 

y be maintained by any one who has teqvbvd Jt»1 

s ill' [liv relative importance of the different branches 

iihisophical speculation, and the intimate connection 

e which subsists between them. Anil 

, of such abstract speculation*, those relating to 

gulur properties of curve lines arising as logical 

nences out of the simplest constructions, are 

the most beautiful, is a point of taste, for the 

s of which we can only appeal to the convictions 

e who will go through the necessary steps 10 

e him to judge. 

; e fifth century of the Christian era witnessed the 
t total extinction of the sciences in Alexandria, 
e students, indeed, were to be found, who continued 
eep alive the memory of the achievements of * 
But the circumstances of the times were 
favourable to the extension of physical research, and 
it length the invasion of the Saracens, and the wanton 
lestruction of that great repository in which the trea- 
sures of literature had been accumulating at Alexandria 
Xw nine centuries (a. n. ()-t0), struck the final blow; 
and from that period we may date the extinction of 
Sfcreet philosophy. 

In Rome, we have already seen that the link- u.-ic ever 
S"vinced for the physical sciences had long before de- 
clined. The writings of the philosophers were com- 
posed exclusively in the Greek language. The great 
tjjvision of the empire under the sons of Theodosius 
placed so broad a lino of separation between the eastern 
and western portions of it, that Greek literature was 
hon no longer cultivated in Rome. Thus the records 
Of science ceased (o he accessible to the nations of the 
"West ; while the troubles in which this division of the 
empire was now involved, the continual wars, anil 
irruptions of the Gothic tribes in its later age*, wholly 
jire- rented any attempts to raise an indigenous growth 
of science, even had the germs of it exiated in the 
" is of the people. 
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General Remarks on the Prnqress t 
ancient :-.■ 

Though, in the course of (he preceding pig 
from time to time made incidental remarks a 
which have affected the progress of science 
ancients ; yet it may not be superfluous, in 

this division of our subject, briefly to recapi 
add a few general observations on such cau: 
spirit and genius of the ancient methods, 
fluence on the true interpretation of nature. 
e consider rain as a being gifted with 
of observation and reason, and especially a 
knowledge through the medium of the extei 
it might seem diat the examination of tutu) 
investigation of the laws by which its phei 
regulated, would naturally and necessarily 
an early object of attention, and one to whl 
liar importance would be generally attached 
theless we have observed that the case ha» 1 
otherwise : and, in fallowing the course of t 
advance of moral, as well as physical civilii 
have been compelled to acknowledge that th 
Q this great department of intellectual imprtn 
taken place so tardily, and to such a very limit 
even under the most apparently favourable circt 
't may not be unimportant briefly to m 
of the causes which have probably tended t 
such a result. 

In the earlier stages of society, and with a 1 
lion of mankind in all its stages, there are i 
more pressing wants to be satisfied before the 
mind. But, supposing that we are arrived i 
beyond ttrii slste f things, and that the rcqui 
iniutdiate pressure of necessity ii 
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n of the miml. A few, perhaps, are irre- 
n by some loftier aspiration? to devote their 
n to what the rest disregard. But in general, even 
mist favourable instances, there ore ninny causes 
operating to render the advance towards the real prin- 
ciples of science extremely stow. The first utrj fore* 
"most obstacle is the want of perception of the value 
'and importance of making exact enquiries into nature ; 
*^r even of contemplating the material world at all, in 
" my other light than as at heat a topic of passing ad- 
~ miration, or in general as the source of new physical 
enjoyments. This want of a due recognition of the 
"claims of pure philosophic enquiry, apart from the ei- 
' amination of the natural world with a view to the pnr- 
r JJoaes of art or of gain, has been, and still is. tbfl tirsl 
' 'great impediment in the way of the more genera! diffusion 
*Of a taste for such pursuits, and the more extended eulti- 
'vation of them. In fact, so slowly, and so rarely, is 
the full recognition of the intrinsic excellence of abstract 
enquiry brought about, that in tracing the growth of 
lluinan society in its emergence out of the depraved 
Condition of savage life towards its just and fair pro- 
jjortions, whenever we can find anything like a due es- 
timation only avowed of the value of the search after 
truth for its own sake, we cannot hesitate to associote it 
-With the attainment of an uncommonly high point of 
*eal mora! civilisation. Even when a gifted individual 
may have opened the way, yet it has usually required 
e lapse of centuries, and the occurrence of many such 
ant examples, before any similar taste could be at 
Bused among the generality of mankind. 
it again : with (be lust disposition, the extent and 
ty of the objects on all sides soliciting attention will 
r distract the contemplation, than favour that con- 
ation of the powers on the several parts, by which 
e gradual knowledge of the whole can alone be pro- 
moted. 

; ' Man," {observes Professor 1'iayfair,) "could not at 
rat perceive from what point he must begin his en- 



quiries, in what direction he must carry t 
what rules he mast be guided. lie was 1 
going forth to explore a vast and unknown W 
in which a multitude of great and in teres: 
presented themselves on every side, while (1 
path for him to follow, no rule to direct bit si 
But, amid all this variety of objects, the a 
those to which the attention should be dire 
hardly be a matter of deliberate choice. The 
always be more powerfully excited by those p 
which are rare, sudden, and imposing ; and thi 
will be dead to those which are doily sui 

Hence, in the earlier stages of knowledge, i 

tier are first excited by the blaze of a meteor, I 

plosion of thunder, or the eruption of a v 

no adniiratii.ui is called forth by the falling of* 
the ground, or our vision of the face of nam 
prise at length gives way to a spirit of c 
in like manner is always at first directed t 
the causes of the most marvellous, rather i 
most common events; and it is Utile eon si del 
is from these last that we can alone reason to the a 
b first. When, however, in any case t 
excited, there is always some hope that r 
enquiry may in time follow ; or, as an 1 taliar 
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a awe and wonder are the first i 

s called forth by the great phenomena of d 
■world, it too commonly happens that from t 
very different spirit from that of rational c 
its rise — the feeling of superstition. And, 
all causes tending to check the spirit of enquj 
laws of the material world, and the causes t 
l'l»:m>inena, none is more powerful o 
n|icration. The origin of tins impression wot 

* DiuerMTHii, oik tliE Progteu of Science ft. te 
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it expressively intimated in the incidental phrase 
Pliny, occuring in a passage before quoted : — " au- 
mprobam ;" — the notion of a sort 
irreligious presumption in attempting to penetrate the 
■steries of nature. As if those very mysteries were 
: ill.- artua! indications of Divine power ; and the em. 
oyment of our reasoning faculties in investigating them, 
te dedication of those powers to the highest purpose 
whicli they are bestowed upon us. 
Ind while superstition thus cheeks enquiry, it at the 
ie time conjures up a train of miserable and perai- 
ls delusion?, which that very enquiry would be the 
it efficacious mean) of dispelling. The impressions 
powerfully influencing the untaught mind are always 
M we have observed) those made by the more uncommon 
"i striking phenomena. But it is from patiently trncing 
e resemblances between the common events of nature, 
d those apparently more marvellous occurrences which 
! sometimes presented, that the advance is made to- 
irds a knowledge ol their common causes; and towards 
lerception of that unfailing vititt/ of design, anil uni- 
TnJfJI of operation, which constitute the firm basis of a 
ional notion of the «w grr.u Pirsl (.';«■ si\ and, by con- 
pience, of all enlightened religion. But the ignorant 
ind, giving way to the momentary impression, usually 
e of terror rather than admiration, created by the sud- 
11 manifestation of some rare phenomenon, in this way 
an cenjures up for itself all the phantoms of a blind 
perstition. Untaught how to connect real causes and 
ects, the votary of this delusion soon begins to invest 
th suell supposed connection circumstances the most 
tirely separate. Men, incapable of understanding the 
ect of the moon on the tides, were firm in the per- 
d of the influence of the stars on their fortunes. 
Qey would listen with overwhelming awe to the te- 
ll oracle, and bow with adoration before the 
saling virtue of a charm or a relic, while they could 
t hear the great truths which the universal voice of 
ture proclaims to them, nor trace the divine hand in 
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advantages of axpwimMtt, Mid availing 
[vi., hut in ii United degree of the rude observ- 
of their predecessors, ihey should, by a sort of 
intuition, have struck out those gram! conceptions 
ly of the leading analogic* of the natural world, to 
all the exact enquiries of after age* have adini- 
d increasing demonstration. Such happy com- 
ona of intellectual character are, however, of the 
rarity in the course of ages. And nothing 
le leas a matter of surprise, however it may be of 
than that these lofty imaginings were not fol- 
nut by the succeeding philosophers, 
lere was soon evinced a disposition towards the 
me hut unsubstantial mysticism which sought to 
: every tiling in nature with some high and ime- 
archetype existing in another intellectual world, 
emanated the essence of unity, order, and har- 
80 long as this sort of speculation was confined 
own elevated region, and the philosopher who 
indulge in it, yet did not sutter it to intrude on 
vince of physical observation, or the exactness of 
aatical demonstration, it did not impede the pro- 
of physical truth : perhaps even exercised a salu- 
nfluence in tending to keep it unmixed with objects 
wrsuits of a merely mechanical kind. Such, we 
tend, was the genius of the Platonic school. The 
lievous effect produced by such a principle was 
that of withdrawing men from the more laborious 
■ of fact* by the fascinations of its eloquent mys- 
of perverting the course of physical enquiry, 
orrupting its methods with technical fallacies. It 
altogether too much involved in the regions of 
ttelf up with researches connected only 
the world of matter, 
clasaification of the innumerable objects presented 
new is an indispensable step towards enabling the 
g r *PP' e w ' 1 ' 1 'h e ' r examination at alL Thus, 
cs, genera, and orders, become tin; fixed and per- 
□t objects of knowledge, though individual! are 
a 3 
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subject to perpetual change. By this 
abstraction, man produces, as it were, within I 
new intellectual creation ; and this work, great n 
strase as it may perhaps appear, is yet actually B 
or less involved in the commonest comparison of " 
and in the use of the very terms of which civili 
guage is formed. There are departments of enqo 
a perfectly abstract and intellectual origin ; such *i 
mathematics ; others, which essentially require 01 " 
one or two simple principles or data derived 6 
experience, on which, without extraneous aid, it is 
professed design to construct a system ; such a 
and ethical science : in these the process of cl 
begins from the first principles adopted, and d 
individual cases and particular facts. In other b 
on the contrary, which originate in observation a 
lection of facts, the classification begins from t 
parison of facts, and must be guided wholly t 
nature of their different varieties of which it take 
nisance ; from these it ascends to the more general it 
and comprehensive laws. 

The leading principle of the Aristotelian phi 
was precisely that of the former of these two « 
Hence, in its proper and legitimate province, it ai 
in the hands of its great founder, to the highest p> 
dan : and the systematic forms which it gave to A 
(ic:il !>>L. r ic. or the theory of conclusiveness ; to e 
the theory of morals as deduced from some hi 
principles of the nature of moral good; and | 
subjects admitting of the same mode of i 
have to the present day commanded the adiniratii 
all capable of appreciating them ; and have i 
their pre-eminence amid all the boasted impro 
of subsequent ages. 

The same principles, however, were wholly j 
plicable to physical enquiry ; the very circum 
which gave them their peculiar value in moral I 
obviously rendered them so, an d the main fault i 
Aristotelian physics was preciad^kfc bearing i 
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s distinction. The mind of thtii great phUoMpheZ 
si in so purely abstractive a mould, that he could 
i upon no other model to fashion his system of 

It was not, as is oftu-n incorrectly alleged, 
at he neglected to collect facts, for he was most 
nrtustrious in doing so; but he did not consider the 
llection of facta to have any reference to that scientific 
n of ideas, which he made the groundwork 
all his theories. Hence he presents us with a mass 
statements of facts, more or less correctly determined, 
d of natural phenomena observed with more or less 
airacy ; but these have no correspondence with the 
Mtract principles which he lays down us the ground* 
ork of his reasoning. 
For illustration take his definitions (if such they can 
« called) of motion, and of light. " Motion is the 
t being in power, so far as it is in power," and 
light is the act or energy of a transparent body. In* 
is it is trans; tarent." That is, he first as- 
n of body or being, then that of act or 
things were to be considered either as in act 
energy, or in capacity or power : motion then would 
the peculiar characteristic of body considered as in 
ergy; light again, (which, as we ohserved before, he 
arded as not material, but as the result of some kind 
mpuW.') was that sort of energy which is character- 
D of transparency. By this sort of syslematising 
m metaphysical distinctions and the primary adoption 
some vague generalities, such as the repugnance of 
ure to all motions but those which are natural, the 
istraet perfection of circular motion, &c, was the whole 
teory of the peripatetic system constructed ; and to 
o square nature to these imaginary principles 
s alone considered to be true philosophy. 
The seeming irregularity and confusion which at 
t sight appears to pervade the multifarious pheno- 
na of nature, and to render hopeless all attempts to 
inalyse them into any sort of order, must, doubtless, 
e of the most discouraging c* 
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iiiiiuK i>M!.'.ii,.\ dsnVren: i'roni tlia: i 
irtnln> ;■;. rtf.niijus. liuTt'iore, to refer I 
I* vs.* imm Mij'jKtw J, UM'ifss. I'eriiaps. 
In M fait (jusiiKi!, whether this pari o: 
in»i ii^li\ «miM>fr:.i « iiii i Ik- true jirincij: 
|)lnlnMi[iii\ . tut crriamly we are not "w 
iiuin;; ilu (-xi>t<'nrf of order and connc 
iiuv<. «• i Lmi»i i i hi cil some indications o 
iJu iiltMul and trr rot rial motionfi be 
i'ljMiil «*/|4«'ilu»i . until hi had some experi 
Jut liuiiifi »ti . iltc'v were properly Bet d 
liiuip " hii ^riu-ri*," until the}* could b 
icKiahii' id okj» common " genus." 

Jlu. ujuii'iira, flu 11, were wanting in 
Haling iJu- 1 elation* between one clasi 
aijuiJuj-, and flan could only be attaint 
iciuJid um- of <tUt> nation, on the one ban 
rtljk'Ji mociiud tlu'iiiHt*lves beyond the 
pin\i'i» fu ton 1 ml ; and on the other, 
maiing; ivpiHiiiojiH mid new combination 
eujjLiiiHKut*, on ail eaae* within our coznn 
Now, iji many departments of obserra 
ktuii, tlicy v,liu not only not deficient, 1 
diligc-ut and aiicitttfsful ; those classes of fM 
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i(r iii'L'lii't at a -n:i. 1 1 ■!"■.! hi nfarencv lo those on 
pavtkce of on glob*, [s tbi former cim, the; matin 
correct observations ; in die Utter, they satisfied 
iseivcs with noticing a small part of the facta anil 
lining (lie rest, and knew just enough of the rir- 
.stances to be misled by them ; they were asaiduwaly 
fce to [In motions of the IliHIIIM. but dreamed out 

e of bodies on the earth. 

lie former ease was a matter of /iliitrrati/iu, tunc* 
as successfully elucidated, an far at Irut a* thrir 
ets and means of observation extended: again, there 
■ not muting some other classes of facta, even on 
earth's surface, to which observation waa applicable, 
which they did accordingly observe. 
n general, they noticed tin 1 facts which offered ibtro. 
;s, and even brought some of them under tin- do- 
ioa of geometrical demonstration, but they did not 
npt to make any new combinations, and tbua to 
I the cause through new Modification! of the phe- 
ena ; in a word, they made ofaMtsjtfsw but not tr- 
\mcnts ; they received the information which nature 
itaneously furnished, but they did not question 
for more. This prevented them from tracing the 
itions between one class of facts and another ; and 
licularly was this the case with regard to the science 
notion. 

The motion of bodies on the earth's surface could not 

investigated without special experiments instituted 

purpose. No regular cases of its occurrence presented 

be watched and recorded by the obaervsr ; 

lawn, therefore, remained completely unknown ; and, 

tbout that essential preliminary, no step could he taken 

'an!s assimilating terrestrial with celestial motion. 

in referring to the deficiency of experimental en- 

' in the ancient physics, it ought, in the first In- 

e, to be borne in mind what small means they 

isseil for conducting it; and we should recollect, thai 

jxperimental research an advanced state of ih« aria ia 



■ requisite. This consult* ration ; 
in .1 great degree, account for the little p 

by the ancients ill such enquiries. 

Hut, besides the mere power of making e 
there must exist a correct appreciation of l" 
■ capacity to reason correctly from them, 
point of view, instances are certainly not w. 
flic incieDta, of philosophers who have e 
correct apprehension of the nature and 
ducrjve reasoning ; and, where they did e 
selves to arguing from the facts, their concilia 
usually just. They did not, perhaps, atlva 
lii.:li generalisations, hut their inductions, a 
went, were sound and legitimate. Unfortunate! 
ever, this was by no means the common ca 
limited extent of experimental enquiry had h 
cause affecting the progress of the ancient pbyii 
their philosophers had all made full use ev 
means which they did possess, we should 1 
very different picture presented 1 
natural science. We shall find the i 
efficacious cause of the deficiency, it 
OOMtJpffon <•/ /lie entire mature and t 
eiiquiri/. 

The almost universal e 
of recognising hardly any c 
results and philosophical theory. The t 
tween truth and fiction, between fact ant, 
seem to have been habitually transgressed yh 
sure or hesitation ; or, rather, such distinct* 
never to have been clearly marked or understtx 
facts were not studied with a view to the for 
the theories; nor were the hypothe- 
tic object of representing the facts. The ]ii 
losophical theory was imagined to involve ■ 
quite remote from all connection with matter; 
rather some law emanating from an elevated ii 

0/irincipIe, to which it was imagined all the I 

drf-- 



toss matter ought lu conform them*«lTC*. Hy the 

utants of the achco!-, i. :'f natural 

Kiphy was mistaken ; ihcy looked lo the main- 
ce of certain metaphysical principles, of far too 
ruse a nature for any physical fTfllllllilllll . howevrr 
Tilised, ever to reach. They attempted to cup. 
theories far too remote from all relation to ilu 
>ns of sense and the order of nature, evuntituted u 
ually is, for' any deduction* from those source* ever 
ablish : their speculations, therefore, remain a mo- 
nt, on the one band, of chimerical but lofty con- 
ons, never realised ; and of unfinished attempt*, on 
ther, which, if carried on, might have formed pari 
substantial edifice of a far more humble, but j 
useful description. 

le systems of the ancient schools were wholly p 

tiiI, though diey were in some cases right | 1: 

ce did not advance with the lapse of time. 

opinion was often not only stationary, but n 

iews were often the best : 

and Anaxagoras were in 

ense, than those of Aristotle and 

re ail dreams alike: there waa, 

1 them, and the later age could not 

perience of tbc earlier. The veneration 

r antiquity cannot apply in reference to 

and even where we do perceive the at- 

1 knowledge on experience, still, in that 

.-oeervation of Bacon holds good : — " An- 

ali juventus mundi ;" or, " We are more 

i those who went before us." The later age 

least, more opportunity of profiting by the 

fitted results of the experience and observation 

predecessors. This applies, be it remembered, 

those branches of Irjul . ledge which rest upon 

ion. Those, on the other hand, which, like 

mathematics, are properly matters of original in- 

1 and abstract speculation, have no such necessary 
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PART II. 



* OCR ESS OP PHYSICAL AXD XAYHEXATK ll. fTirV'-.Z 
)M THE MIDDLE AGES TO THE TIME OP ?EWT«9. 

lecline and dissolution of the Roman empire form* 
>ch not more remarkable in the civil and social, 
n the intellectual history of mankind. We have 
ed how entire and universal was the neglect into 
all philosophical pursuits and physical enquiries 
lien, during the later portion of those ages which 
signed to ancient history. Here, then, one grand 
ell defined period marks a corresponding division 
narrative we are attempting to trace ; and, as far 
•ope is concerned, a long and unhappy interval of 
1 darkness and ignorance succeeded, into which 
rht of improvement only began to shoot a few 
ous and uncertain rays about the tenth century. 
vhile, in the East, the great events of this period 
accompanied by at least a partial cultivation of 
e : this, perhaps, might be classed as following in 
iin of the ancient philosophy; but, nevertheless, we 
prefer considering it under this division, since it 
i much closer connection with the modern revival 
lence. 

r e shall find, in this period, the following convenient 
ions : — The first will comprise the state of science 
ng the middle ages, and its first revival extending 
le end of the fifteenth century. The second will 
ide its progress during the next age, as far aa to 
prehend some of the first grand advances beyond 
KJence of the ancients made by original modern 
™^*the age of Copernicus and Tycho. The third tn 
* the great discoveries of Kepler and Gar' 
fourth will be occupied by the delivery 
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j the period of tile extinction of science 
l empire, the various branches of uaturi 
mathematical knowledge which had long before 
cultivated in the oriental regions, though they 
altogether lost or neglected, yet made no progt 
were pursued chiefly by persons of low attainrai 
in connection with the arts of astrology »nd i 
Just, however, at the time of its lowest ebb in E 
tide of science made a considerable advance in 
The Arabians had at all times evinced some 
to astronomical and mathematical studies ; and 
their warlike tribes had pushed their conquest! 
large part of these regions, and had finally estal 
the Arab empire in the East, the throne was oo 
by a succession of princes who patronised and encm 
learning. Their conquests put them it 
the works of the (ireek philosophers, which they 
'" istion, and caused translations of them 
Arabic. Willi these aids, as wett ; 
>f science which they possessed among 
selves, the Arabian philosophers devoted increased 
lion to the cultivatiou of the mathematical science 
narlicularly astronomy. Tliej^kiitc <if this 
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#^. i.,^tif«ar i* '** «w'ne of 

«•%"«««■ fc-MffMit- The 
^ * „*, J>» naming, a j 
i^J^ciM^Hi' different posil 
d *&^ a. il«« &« ndius, and its 
^ i*f ■ ewde, whose ar 
rf****" 1 " 1 out °f which th 
•^ */****"* direc t'yre»red; 
^^*jfr« i Midline is construe 
^^^iatW maJyat, has e\c. 
JW '* &t invention of geom 
j^^jj *r triumphs of the n, a i 
afT^^it * " 6ich '"* science has 
^Tl tf A* terms above def 
"r^^^ift (specially as bear 
*-"ie writers have 

w dwell upon a 
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the cultivation of algebra. The origin of this 
: has been traced to India ; and it seems very 
Jable that the Arabs derived their knowledge of it 
'Ml further to the East. Their writers mea- 
that Mahomet Hen Musa of Chorasnn, (about a.d. 

Krlis tin fished among his countrymen for his mathe. 
al knowledge, travelled into India for the purpose 
cqulring further instruction in the science of algebra. 
information we have of late years received respect- 
the algebra of the Hindoos, tends to give it a tlis- 
character of originality, 
'hough we are here speaking of science as flourishing 
te East, we may yet include in the description the 
irish empire in Spain ; under which we find, among 
it distinguished ornaments of Arabian science, 
l, who flourished in the eleventh century. His 
J pal production is a treatise on optics. Before the 
covery of Ptolemy's work on the same subject, it 
supposed that Alhuen's was in a great degree copied 
■n it. The originality of Alhazcn, and, in many 
sets, his superiority to Ptolemy, are now fully ad- 
',; his applications of geometry are of a very refined 
skilful description. He suggested the explanation 
: apparent in agnifi cation of the heavenly bodies 
the horizon, before referred to. He treated of 
; and gave an explanation of the cause of 
ight. His investigation of the atmospheric refrac. 
as applied to astronomy is the only point, perhaps, 
hich he is inferior to Ptolemy. He appears to have 
nt some good conjectures on the optical struc- 
of the eye, and remarks, that when corresponding 
i of the retina of each eye are affected, we see 
one image. His writings aie prolix, snd without 
method. 

'he Tartar conquerors who succeeded the Arabs in 
East, were also zealous promoters of science, 
y of astronomy. The grandson of Gengis- 
nded an observatory in Persia, and furnished it 
"woks and apparatus. Under his protection 




astronomer Nasseer-ad-deen I 
tables and other works (about a. i>. I2S0\, 
the successors of Timour, though at a conaidei 
period (a.h. 1440), Ulugli Beg, sovereign o 
cand, established one of the largest observsb 
led in history, and fitted it up with v 
is, especially quadrants of very great radiu 
the help of many scientific assistants he 
elaborate collections of tables, arid a catalogi 
stars. Their accuracy has been admitted to 
siderably superior to that of the Greek tables. 

The same patronage was extended t 
suci'C'uiors of Gengis-khan on the throne o 
The thirteenth century may be considered, owi 
cause, and the importation of the i 

nations, as the most brilliant epoch a 

The subject of the quadrature of the circle 



the attention of the Arabian I 



theinaticians, 



ried somewhat further the approximation b 
Archimedes and Apollonius had expressed the 
the diameter to the circumference. They i 
ratio as that of 1250 to 3027, which is * i 
approach. Another value in still simpler tet 
nearly as accurate, was afterwards given by 
which is easily remembered, from its containii 
the first three odd numbers, each repeated tw 
order; yiz. 113 to 355. 

This subject is, in fact, one which has 
exercise the speculations of men in a most sin; 
! in all ages. It seems to stand forth as a: 
i to the general truth of the indiSerence m 
towards the abstract researches of geometry, 
have a problem which, as far as it is connect 
any practical application, has ages ago received 
solution as to suffice amply for all purposes o 
nutation in which it can be introduced ; j 
later mathematicians have found means of e 
by a decimal continued to any number of 
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, figures which the accuracy of oar calculation may de 
, mand : a problem undistinguished in this respect hy 
w any peculiarity, but which stands only as one among 
_ many others of the same class, and in the same pre- 
9 dicament. And yet, without any conceivable practical 
a object in view, it has in all apes, since its first introduc- 
tion, obtained an unexampled celebrity even among the 
mast ignorant classes ; and has called up a host of in- 
vestigators who have devoted themselves to its solution 
with an ardour absolutely bordering on insanity ; and 
which in many instances, if it did not commence, ac- 
minaled in mental aberration. Entirely igno- 
aot of the real object to which such an enquiry ought 
> be directed, they have pursued their pretended solu- 
ions by almost any path except that to which the very 
i.indkious of the problem tettrict it, viz. strictly geo- 
oetrical demonstration hy elementary methods. That 
o attain this is absolutely impotable, we have every 
egree of assurance short of actu«l demonstration. It 
ertainly has not been drmowttrated that the ciraira- 
erence and diameter of a circle are incommensurable ; 
mt every argument from analogy and probability leads 
us to believe it. By other methods than those of strict 
_eoraetry the problem is solved, and the pretended me- 
thods are therefore superfluous. 

We shall see at a future stage of our enquiry how 
much good has been done indirectly by those discussions ; 
in that, from the agitation of the question, real mathe. 
matieians have been led to examine the various forms 
and laws of the series in which the approximations to 
hese and other values of the same kind may be carried 
n. But the fame which the problem has acquired 
mong ignorant empirics has probably arisen from some 
connection it was supposed to have with we know not 
what mystical secrets ; heneo the persL-verin^ diligence 
with which they have been always going on proposing, 
e after another, every variety of childish conceits, 
dignified with the name of demonstrations : some mea- 
uring the length of the line gone over during c 
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volution of a wheel, others emptying the conlents 
cylindrical into a cubical vessel; one col 
areas and weighing them, another turning the ft 
quadrants of a circle inside out ; some finding the qi 
drature in the stats, others in the mystical number of I 
beast in the Apocalypse. 

This mighty secret, and that of the philosopb* 
stone, the mysteries of alchemy, and, above all, of i 
dicial astrology, appear to have obtained consii" 
influence in [he ages of which we are treating, «p__ 
among the Arabians, indeed the astronomy of 
people, zealously and ingeniously as it was pursue/ 
cultivated, would appear to have been generally asso 
with astrology, and made subservient to it. The « 
theory of its predictions was built upon the con] 
ations of the planets with respect to the sign o 
zodiac which was rising at the moment of an it 
dual's birth (and which was called his horoscope), 
of course, depended on a tolerably exact knowledge 
the planetary motions ; and, to construct the horosm 
for any person, required tables of those motions, am 
facility of calculating the places of the heavenly bod 
at any given epoch. There can be little doubt that I 
belief in these absurdities produced at least one power 
motive for the cultivation of astronomy, both in I 
age of which we are speaking, and even long 
among the Europeans. 

The occult arts had found their way into Europe 
an earlier period, and various circumstances conspire 
show that they originated in the East. Astrology w 
certainly unknown in Greece before the expeditions 
Alexander ; and it appears to have first made its a 
pearance in Rome in the time of Augustus, when 
immense influx of Orientals into the capital took pla. 
as we well know from the satirical remarks of J u vena 

From that time downwards, even to the seventeen 
century, the whole of the civilised world in the We 
as well as the East, was enslaved by this extraori 
and superstitious delusion j and, even at this di 
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have hardly got rid of the traces of it from 



Sriftire i" EitTfip? in the Middle Ages. 

During the middle ages in Europe, the cultivation of 
science had gunk to its lowest ebb. Not only was there 
iriginal energy displayed in enlarging tba Mom of 
i r i . i \-. I , . i ._ , . but there did not exist even the desire to 
' l what had bs^en already known. There were no 
rs able to add lo tht' stock of information, and few 
ts even capable of informing themselves of what 
their predecessors hud done. The records of ancient 
learning; and philosophy were a sealed book, from the 
total ignorance which prevailed of the Ureek language; 
and though there existed h few Latin versions, or rather 
com p end i urns, of one or two of the treatises of Aristotle, 
and perhaps of some other works of science, either 
derived from the oriental translations, or possibly from 
tile remains of the literature of the Roman empire, yet 
t little read, and still less appreciated or uu- 
The little knowledge which existed was con- 
fined exclusively to the clergy and the monks ; and if, 
, this extended to more than what barely 
■ufficed for the Irecdeauwtical functions, 

j were rare exceptions. The only philosophy 
professed was an adherence to the dogmas of Aristotle ; 
■nil, probably, this profession was made by numbers 
who knew no more of his opinions than a few technical 
cs, ;ind little of his works except their titles. 
The monastic establishments were, however, the sanc- 
s which afforded an asylum to learning, such as it 
ana, unquestionably, whatever remains of ancient 
e have been preserved to us, we owe to them. 
■ tike those of which we are speaking, when 
lOthtng but universal barbarism, tumult, and bloodshed 
prevailed around, the monasteries were generally held 
sacred by all parties ; and amidst the ignorance which 
extended without, the more powerfully did supers liti mi 




guard these sanctuaries from spoliation. In (be ttn 
attached to these institutions, the manuscript! «f 
ancient writers were at least preserved from the rink 

of military plunder, and the wanton devastation of In 
incursions. The works of the philosophers, and tht j 
cious records of the mathematical and astronomical i 
coveries of past ages, might here at least have repo*i 
undisturbed security from external injury. But. u * 
tnnately, they were not safe from destruction of id 
kind ; and there can lit no doubt that numbers of 
invaluable remains of antiquity perished in 
materials to the monkish transcribers, who 
erased the pages of an 
insert the legends of the saints. In process of fat, 
probably, they would ah have met with this ignoble im; 
but before that period could arrive, the dawn of a bright* 
age had begun to appear: and a few individuals im 
among the monastic orders superior to the jrenend cot 
racter of their brethren, who were at least sufficient 
aware of the value of some of the treasures 
in these repositories, In rescue [hem from such 
and barbarous destruction. 

The mere act of preservation of these preciotH p 
mains of andquity, is one which must entitle those ■' 
performed it to the gratitude of posterity, and w 
alone suffice to give them a claim to the title of enl 
ent-d and discriminating men, superior to the general 
intelligence of their contemporaries. But betwe* 
bare apprehension that these volumes possessed • 
value, and the taste and ability requisite to appmflfl 
justly their contents, there was, doubtless, 
interval. And, indeed, where tf" _t 
were still many difficulties in the 
for the work of completely It 
ancient science, much time at 
ledge were necessary. The rept 
■tores were to be made aece 
langnage in which they v 
quired ; the manuscripts v 
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ritic and the gnmmirian had to apply their 
>tfore the curiosity of the geometrical of astroooi 
student could be gratified. Thi» must, under any 
eumsUnces, have been a lone »'»! laborioui Uui ; 
wculiarly so in those age*, when so IttUe assiUaix 
encouragement could be looked fot in any quarter 
* er, when every thing seemed to wear an aspect 
ile to the prosecution of Mich labour*. 

The dominion of the H«Wl in Spain (which c 
neuced in 713) appears to hare been one 
channel through which the science of die East 
a modem Europe. After the Greek 
iad ceased to be known in the W'es.1, the 

it mathematicians into Arabic, which am 
troduced into the Moorish universities of 
known to many who were totally 
Greek originals. The crusades, a 
share in conveying some portions of the 
Saracens into the West. These oriental works. 
instances, were translated again into Latin ; am 
this channel alone many of thean «w knostn 
a-hen modem research discovered the Grrrk 
Jf some, also, the originals have never yet aa 

Some improvement in the stale «" 
laste was, however, gradually rvinrc! ; 
Acuities were dimini*be4 which skoo 
acquiring a knowledge of the anrimt i 
ber of those who had their ewrtotitv 
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_ ctuaIoripin.it is difficult to discover ; ■ml it lu« 
i by some to Arabia, by oilier* to India, 
rbert certainly obtained • knowledge of it from the 
"b hardly possible for us to conceive till? state? 
which every part of science dependent on numbers 
it have been without it ; or to imagine by what means 
momers got through their calculations. 
e circumstance of the want of this system of 
could almost alone account for that nb- 
application of mathematics to physical sub- 
i, which so unhappily characterises the science of the 
Herbert afterwards became pope, under the 
e of Silvester II. 

In thi* eleventh century the- cuample of Herbert waa 

■luted by Adhelard, an English monk, who, for the 

e of acmiiiiue: scientific information, travelled into 

n and Egypt, and made himself master of the Arabic 

inguage. He turned this knowledge to aciount. by 

anslatinj: into Latin from the Arabic, the " Element* 

f Euclid." This appears to have been the first trana- 

n of Euclid known in Europe ; it, however, seems 

b have excited little attention, and is said to remain in 

inuscript at the present day. Another translation, 

5 from the Arabic, made by C'ampauus about a 

-ntury later, was the first which acquired any celebrity: 

U the early printed editions are taken from hia text. 



EatnMishmeiU '•/ Vi>irrr*itirx. 

The institution of universities is a most important 

eature in the history of the renovation of science. It 

aay be traced with considerable certainty hi the elc- 

renth century, though probably before that time some 
mperfect establishments of the kind were in existence 
n several parts of Europe. TUttjjjjly achoole of learn 

ing hitherto accessible w«fl 

of these, and to tile rtllii-dra^P ^^, achooh 

annexed, in which the 

of the times, such as it wu, 
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In England, ilie reign of Alfred (commenrin); 
87*>) had been marked by many advances " 
tion. That eminent sovereign was not less 
for his own attainments than for his nmnifii 
enlightened endeavours to promote and 
Acquirement of learning among his subjects. 
precise extent he actually completed any es 
of the nature of an university at Oxford, is 
question among antiquarians ; but it seem: 
initte.il that be certainly made some attempts 
such an object. 

The tumults and wars of the nest 300 yi 
tually interrupted the course of improvement 
nearly extinguished the little learning which had 
to appear. Some of the Norman sovereij; • 
daily Henry 11., were distinguished for their patroMf 
of letters ; and it seems to have been under the 
auspices that the universities of Oxfor I 
bridge first effectually assumed the form of priviltfl* 
scats of teaming and science. It is, perhaps, impon- 
lile at the present clay to decide which of these twol* 
the priority in date. 

It appears to be generally admitted that in this «jt, 
or soon after, they hail both, from local eircumstWMft 
become favourite places of resort for study, and 
acquired an extensive celebrity from the great emin 
which even a very moderate share of learning content! 
in those days on the scholastic recluse. The numbsi 
of those who followed this mode of life seems to ixn 
Imvh almost inorolibly preal. it" we en 11 trust the recordi 
of those times; and the names of several individual 
have been handed down who enjoyed a high reputaritt 
among their contemporaries as teachers in the differed 
departments of letters and philosophy. 

To the celebrity of such teachers, and die hicireron* 
to study held out by the habits of life adopted in 1I11* 
places, '~ J "'"-■ stimuli'" ""*' companionship and riialr, 
in - »f ' v>e may most probata} 

V udents to these seals d 
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■ninjsr ; and from similar causes originated the sub. 

t institutions which j^raifually took their rise, 

t length compacted the whole into organised 

bodies. As the students began in increase in numbers, 

. something like a regular system soon sprang up as ne- 

■y for the good order of the communities which were 

The students lived together in certain houses 

which acquired the distinctive ii[i[n.'ll:iiimi of hull*, each 

if which had its own internal regulations, while they 

common the public lectures which were 

given by any who could command an audience. Some 

m kind of system was soon found necessary ; some dis. 

_ linction between xrhtitars and maulers was obvious; 

_ some regulations as to the course of instruction became 

. indispensable; some exercises to show the proficiency of 

the students were naturally exacted. Thus originated 

degrees, professors, and disputations. 

Colleges were afterwards added : they 

ti the model of the religion- houses, and 

usually for the sole purpose of the 1 

"n number of persons termed felli 

tnder the government of a head, wh 

"temselves to the cultivation of literature, and conform 

the ordinances of their founder, very much in the 

ime way as the monks of the different orders were 

under similar obligations to the religious observances of 

iocieties. The colleges were, in several instances, 

tablished upon the basis of the original halls, and thus, 

i many cases, the nimu-s liee.ame synonymous. Some 

of the colleges afterwards began to admit within their 

walls independent students, besides the members of their 

foundation. 

The public lectures, exercises, and disputations of 
he universities were carried on in appropriate public 
buildings called schools. To these public libraries were 
subsequently added ; and, in process of time, a certain 
regular system or course of studies became fixed, and 
s distinguished into several fiti'idt'ipx, in which the 
distinction of a degree was granted. The faculty of 



founded 
endowed 

and scholars, 




rose nipnior to thr p uj aa tk es of Ma mt. mi fcr- 
e the harbinger af a aswce iwKsditraad eywdh. 



Roger Bacon >n ben kar Ilcheakrr i> It! 4. At 

xford be made di«t»gm*Bed pi^ jf ia the mal 
nme of literature anil the school logic. He na>. 
lently went to complete has studies in the aiaai mealy 
I Paris, then in Huh high: repast a* to atnao «s- 
x from all parts of Ecrrope. B« here c4aataaat the 
~ doctor, and laid the foundation of his r*. 
I celebrity. RetarniBf to gf**—* he M4 the 
labit of the Franciscan •rder, and fwwd hia csqwi- 
i at Oxford into a vaat variety of — h jt c t a. Car 
eyond what (ben cootLtutcd the aaaaal range «f ataart . 
"is ardour ia the pnrswit of kMwledsje led hun to 
tempt oew inveabgatioM in ahwM nar y A atfiniai 
hich he studied ; and with the ininanrr of rarimi 
xiil patrons, whose favour hia high repuiaoea had 
>w secured, he ia aaid to hare e xp e nd ed large mom in 
fleeting books, and procuring and conatraencg appa- 
,ius, which he had devised for the prneeatlhm af 
[peri taenia! enquiries. 

He appears to have been well versed in mafhnwao ea, 
nd in the theory of mechanics ax then known ; though 
does not seem that he made any advance* in theae 
spartrnent*. In aatrouomy he has left indicatkm af 
tainment far superior to those of hia eoutei 
id pointed out the necessity for a further r 
' the calendar beyond the Julian correction, fl 
; that which has been since applied. 
units anil in chemistry we hare on 
is actual inventions, and still more unfinished project* 
id speculations, many of which hare been atace 
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larefully recorded, and to trace their beginning i> 
like attempting to pursue a ritrr in iia source, 
i we are eoou totally baffled among the fiiullipL. 
of small BtreamB which unite lo form it. 
r. Smith, after fully discussing all tht evidence, U 
opinion that lenses were in use for amitting vision 
it 1313, but that nothing further can be collected 
i certainty. Some passages in Itocon's writings, 
ch were once interpreted as referring to tlie princi- 
of the telescope, peein to have DM) completely mil. 
erstood, and to contain in reality tiollung of the 
in questionably lo have |*-li> ■■■■ 
sBibiliiy of transmuting metals, and probably also in 
rology ; "but was superior lo hit age in absolutely re- 
•ting the pretensions of magic. 

"~ r Bacon's great merit ia to be found, not so 
t the mere details of his various invention* and 
ejects, as in the bold appeal which he made lo 
eriment and the observation of nature j be stood. 
h as the champion of unfettered enquiry, and vindi. 
d the rejection of all the trammels of authority in 
ten of science. In an age like that in which he 
fd, Indeed, there were few capable of profitin;: by his 
sample and instructions ; but there were not wanting 
e who were able to appreciate their value, nut 
it those who had good reason to dread the influence 
such principles, and who accordingly took measure* 
impede their progress, and, if possible, to suppress 
leir promulgation. A pretext was supplied in the alle- 
gation that Bacon's pursuits were allied to magic, 
though he had actually written a work expressly against 
that art ; he was accordingly prohibited from reading 
lectures in tile university, and was subjected to con. 
fiiiemiiU ill bis convent. He had his eyes open lo the 
corruptions and superstitions of the Romish church, 
and avowed the moat enlightened views in recoin. 
• the cultivation of natural science, with the 
a object of leading men to more just concep- 
ts of the true foundations of religion: this, of course. 




drew down upon him the whole weight of eccU 
vengeance. The blow was indeed averted foe 
during the liberal administration of pope Clemt 
who not only secured Bacon from molestati 
encouraged him to draw up a collection of his t 
which was afterwards published, under the 
" Opus Majlis," in 1266. On the death of tl 
tiff, however, the storm of persecution rose more 
against him: under various pretences he was re 
imprisoned, his books prohibited, and his i 
condemned. At length, through the ititerptw 
some powerful Friends, lie obtained a release ; 
turning to the pursuit of his studies, though ik 
advanced age, he continued the composition" of 
of his works, the last of which was a compen 
theology; and died peaceably in his convent at 
in 1292. 

: is perhaps difficult for us fully to appret 
merits of such a man as Roger Bacon, front t 

in adequate idea of the extreme ignoran 
which he was surrounded ; but the respect 
his memory has been popularly cherished, is 
of the commanding elevalion of his master n 
also claims our sympathy as, perhaps, the 
long list of the victims of ecclesiastical _ 
as associated with that illustrious band of pat 
the republic of letters and science, who mat 
the cause of intellectual and moral liberty agai: 
odious encroachment of spiritual despotist*, 

Revical of Algebrv, Physics, .Mrtinomy, and G« 

The oriental origin of algebra seems unquesti 
but there has existed some difference of opinio 
the period when it first became known in ] 
The most probable account assigns a date at tl 
commencement of the thirteenth century. Leon 
merchant of Pisa, having made frequent visits 
East in the course of commercial adventures, retU! 




now ledge of algebra, ai 

■nee, bear the date* of 1S0S and IViS. The tab. 
t is pursued only is far a* quadratic equation* ; the 
technical language is very imperfect, and u yet unformed, 
to quantities and operation* bring f sureaaeii in warn* 
length, with the help of only a few a 
I rule for solving quadratic! tar < 
ire is demonstrated by a 
The polarity of the magnetic needle ia described in 
: tines attributed to tiuviit. a French pott, who 
ned about 1 1 80 ; hut some author* aw of opinion that 
s description was actually written by Hugo Bmian, 
the middle of the succeeding century : anil U U 
tally believed that the compass wai tint employed 
navigation by Flatio Gioja of Ainalfi, inmU 
is said to have marked the north with a near-de-lia, 
compliment to the branch of the royal family of 
»nce then reigning in Naples. 

The poet Dante, who flourished at the dose of (be 

urteemh century, distinguished himself alao in [Jido. 

plural pursuits: and we find raw 

n essay on the nature of tlie el 

Vitello, a Polish philosopher, 

mproved on his writing! in a t 

'. He examined largely the refraction 'in sdasa anal 

r, and gave a tabic of the deviation* at ansnswM 

ncidences, but without any perception of the at* ■>**** 

connects them. De conceived refract**) so aria* turn 

sort of i 
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In the thickest darkness of the mi 
of astronomy had never, perhaps, 1 
doned ; but it j a almost certain that the enco 
to the pursuit of it were mainly derived from the pq 
larity of astrology, and the assistance which that 
derived from astronomical determinations. la it 
*ge«, the state of knowledge was generally charwtnl 
hy the mixture of a few fragments of real philow| 
»nd sound sd,,,^ in „ Tist mas3 of ^ 
and superstitious delusions. Astrology then n1h 
alike the reverence of the multitude and the patron 
of the great and powerful. During the thirteenth 
fourteenth centuries, it was even publicly taught in 
umversnies of Italy: and in particular at Padtu 
Bologna professors were specifically appointed to init 
the most apt and hopeful disciples into the mystert* 
this sacred science. The effects of this infatuation 
happily survived for ages after the actual professfo 
it had been discarded ; and it long continued W a 
sort of mysticism over the pursuits of legitimate srit 
by no means favourable to its due development or 
tended progress : and even when the astrological art 
been completely exploded, and had become in its 1 
the subject of reproach and ridicule, so close had 
connection been, that astronomy sometimes sham 
tlic contumelies cast upon the occult arts, and, in 
apprehensions of many, above the lowest class, 
claims of the one were by no means accurately dii 
guislied from the pretensions of tile other. 

The thirteenth century may be regarded ai 
period at which wc perceive the most decided syrop* 
of a reviving attention to literature and science. ' 
knowledge which had hitherto been confined to mot 
teriea, now began to spread into cities and courts. 1 
barbarous monarchs of the dark ages were succeeded 
princes who cultivated and protected letters. It 
hardly to be doubted that the zeal displayed by bohw 
them for the encouragement of astronomy origin* 
n their reverence for the astrological art: j 



rEIT*ICAt, AND IIAH] [ MA I H'.IL 

nsiiierable indnlgeno; ■ 
ed substantial benefits la wacnei 
e emperor Frederic II. w 
I by i very cultivated mind, ub)i 

' learned men. To bin encouritTB* 
translation of Ptulrmy'i great woti u 
rabie (Greek bring a* yet unknown i» 1 
the Arabic translation Wa* far frotn bnaa; 
the original. Mid the work {exrrosrd in 
aa) wag consequently very faulty ; yet at 
e for promoting the knowledge of 

o Alphonso X., king of Caarile, ati»a 
o Frederic. Hi» ■" 
i that of Ibe Arab*, who then ctmpiM 
h of Spain, was favourable for raUecun* 
; astronomers, who were then only to U 
" "l universities. He employed wm 

I persons in the ebb 
f astronomical tables, which werr 
" e observations of the centuries 
>. 1350.) Notwithstanding the anal sad 
ce of the king, however, these tables d* not 
lave realised his design. One of 
i the introduction of a pecniiar imifuilily i 
ion of the fixed stars in longitude, wfc' ' 
t time obtained credit, and «u railed the 
t as a theoretical 
nihe eighth sphere of Plsieaerf'i 



i importance by the Arabian 
cognised by Ptolemy 

ilistical mysteries. Ithadnol 
ndation in any thing actually 
" f Alphonso's own attainments :i 
' e indication! ; but his often 
mplexity of the Ptolemaic 
a mind superior to the prejodrctt of bat aft 




A comparison of the Alphonsine tables with th 
Ptolemy really evinces but a very slight advance 
science during the eleven centuries intervening. SdeM 
in fact, hail not yet begun effectually to awake from i 
torpor in which it had so long lain. And it BM 
till nearly 20!) years later that any very decided res 
of such renovation were perceptible. 

The first dawn of improvement may be ] 
in the labours and designs of George Purbach. 
of astronomy at Vienna, about the yew 
undertook to amend tin; astronomical tables then in 
and felt the necessity for an accurate 

Ptolemy. Since the very faulty one of Gerard, 

had been made from the Greek, by George of T; 
zond, which appears to have been b'ttle better. 
bach, however, does not seem to liave realised 
design. lie did effect some improvements in tile 111 
of the planets ; but the amendments thus introdH 
were, jwrimjis, more than counterbalanced by knl 
herenee to the ridiculous notion of trepidation 
most essential service which he Tenderer! to science ■ 
the formation of a table of sines upon a deci 
of the radius, now for the first time employed. 

But these and other similar projects for the imrmn 

ment both of pure mathematics and astronomy, w 

carried on with still greater leid and success by Mo 

• it' Kmii^k-v;.; (tsun in I l.'id), more commonly knu 

by the latter appellative., latinized, after the fashion 

ihi day, into ojuwous titl* of Eegiomontoum* 

him we owe many translations and commentaries, 

thcr with - ■ valuable works. Tri 

which (as we have remarked) had never b 

I (town to the Greek* as a separate science, and wta 

idvanced in the hinds 

. i great decree of perfection, ». 

. 1 very nearly I" the condition which it 

lid also introduced th 

modification of the decjm 

■ ■ ,„ii f the unit's place a! fl 
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re, and not necessarily at tin* right hand, by jilaciiip 
ill arithmetical mulirlmi going on 
a word, the use of decimal fractions. 
i, indeed, give* the scale ila full extent, and confer* 
numerical computation the utmost degree of liuiplU 
y and enlargement which it teems capahlc of attaining. 
' e Latin translation of Ptolemy's Almagest, designed 
f Purbach, ami perhaps commenced by liiin. was core- 
;ely executed by Regio mo ntan us : who added also 
commentary and a number of problems and illuntra- 
"e greatly improved the tables of sines, and 
; of tangents. He appears to have been per. 
ided of the reality of the earth's motion, though he 
1 not advance to a recognition of the entire *ol*r 
Ue constructed a planetarium, which is de- 
scribed as exciting great wonder. He also calculated 
ephemeridea of the place* of tlie planets for many yean 
in advance. His skill in practical mechanics was such 
as to give him in that ignorant age a reputation for 
miraculous powers; and marvellous things are mwied 
of the automatons which he constructed. He certainly 
contributed much to the improvement of clocks in the 
imperfect form in which they were then made before 
the application of the pendulum. His high reputation 
induced pope Sixtus IV., to request his attendance at 
Home to assist in a projected reform of the calenilar. 
Arriving at that city, he had not been long engaged in 
the preliminaries of the work, when he was carried oif 
i epidemic disorder in the prime of life [1476], 
d was honoured with a public funeral in the Pan- 
He died amidst innumerable projects for the 
it of the sciences, which he hail enriched by 
is evincing a genius of the first order, coupled 
it earnest zeal in the cause, and an inde- 
il-lLIo perseverance in pursuing its most laborious 




The labours of Purbach and Regiomontanus form 
" e link between the astronomy of the middle ages and 
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mm) of the fifteenth 

,i;i~iieii by any great discoveries 

in the rise ot a spirit of enquiry 

tatt light which wa 

m ctiJi brilliancy. 

I improvements m, no doubtj at I 

. >iut ill iis sibsnjuent i 

i iMtk tu he -.-rjn=i»l impetus gr» 

i m fa t *ge- These, 

M m -ntmiSir ami tit puwiJed in thi 

tf "em cwiwl ftumA >y the itr 

* $*mua: (Buy "hopiff u fed the necessity 

g *« Turth. rf tujunre upM a firmer " 

:': !.■.. M ,'i ?! _ 

ttat eb>C «f*MBHMHBHB Ji Ptolemy. 



it&e b 




Hfastfyrf t*um-«f 1 



* rw*limtinapfe hr ' 
"(jst/iia of 
-.. IMttflB »u 
I i l.rcanu 

■ of Greek! 

, - .i...i,i Vi lience that 
' '■■■lv ;( the Creek 



mtaton upon them, bean t* nrie: 

;s of the art of prisMf f«*« 
te, by the farilitie* it created fa 
f learning. Am*g« •**** n— -nriai ■ ■■ n a» 
-ticularlj notice Yenaloria*, Assapaaaarf » 
islation of Arriiiine&>, aad '"■" — *j— W 4 
Euclid, anil virion* other arcin* I a 1 ■■ mi 

act the attention of «*tM, *m *• ., 
r geometrical laboan to be riffcaj affMiai 
BnMry treatises bad ben dwarf aaaast . 
a of mathematical audj ; aW tW aaan &&m: ■ 

e studied with all the ae«J saa a 

nljr inspired by the aajaaaaaa af 

I the discovery of a Ira* snore* at 



e most valuable part of the • 
much as a method of disenrennc n± a am * 
than the particular trnlaa it aa Anci aaa 




■ ■ : bat j^ittirat t» ti 

IM in (he crier rf d 

: it dan not, bwwj, n[n sa 1 
Though Inter in tine, the cocxetk* rf ■■* i 

UaiU U* turrr In mention, that kit srx — =ti 

ill- >iiv><itlgktlon of the mibjett, — J r~ *¥ ^ * ' 
•"I tfcl ffomttrlul analyci at Turin, i= IS 

Of McwiitH, alto, who flonrn 
MM hiMii-nili MnWiy, and may be ri 

■ of Ihftl age, furnished i 
(NIB 1 1 >>• Indent*, ind commentaries njiaii ^u 
|Mm which. In- wrote ■ treatise on die Conk S 
lldcrabU miIiii'- Ik' made an attempt afa> 

W tilth book of A|)ollonius's Conic Sedai 
Hhtoh till lUOJecl of maxima and minima is ■ 
"inga indicate a man of clear conee 

dwitanding; though, in on 

alniimt all perilous of that age, he was a belier-riaat 

■ i mo mi idtpt in l" 
Om of the moal eminent of the early culiiraion 
algebra, wat LuOal de Hurgo, a Franciscan, i 

.. , ,,,i f |hg ijli.vHtli century, travelled 1 

Id || into tlw K**t, and was there instructed 

""' prindploaof this icience. On his return hep 
"•h«l a treatise on ill* aubjeot, i» which he adran- 
Uttln „, ( |hj w t of notation; employing more a 
■*•«■ and in particular, using the letters p. and a. 
(o "Und for plus and minus, or the symbols of *""- 
«"1 subtraction : he also gives the rule for the si 

11 ipUcHtOO. Though, as we have already eetai 

H^'ilita ha,i advanced to this point of symbolical aJ, 
- da Burco arrived at it independently ; 
Wngi of Diophantus were not discovered till ll 
me sixteenth century, when a Latin trandatil 
Of 'he ariilimctical questions was published by Xyland*- 
Thus the origin of the algeD' 3 ' 1 nola tion was r" — 




it of a short. ban tl »H::d.-, or al 
^ua^e, to save trouble mil rrpc 
lple principle ■■ 
on by each suci 
to tint refilled ant) highly initio*! •_ 

in use; anil whidi ha* in it 
; means of indicating new n 
im a machine to assist the labours of e 
»me a vehicle conveying oa ii 
iu-, upon the whole, we may t 
1 of the fifteenth century, the acta 
erge from die darkness of the j 
[b very few brilliant exc 
ons of ancient science, a. 
:nts which direcdy arose 
ining, however, 

its solidity in the substantial 
•n began to be raised upon it, and ■ 
pidity and success with which the work p 



Progrets of Algrbra. 

he knowledge of algebra had 1 

holly confined to what was acq a 
ction of the Oriental treatises, upon which, a* v* 
K seen, some few improvement*, rather in fan* tfans 
substance, were engrafted. Tne n 
libited a more busy I 
lartment original enquiry now actively r 
i new investigations were conlinoaJJj n 



/«•«-«. .2..- '.j. .:» Ifr:" ffil ZJLilZ 

t- '«.:. ■■: v -_- V.i..r; ■.. *.. 'z ULJ ;f > • r ~^.- 
.":.? * v ..t»r. ".■: "....V:" -t "_-..J".L .It-"?*"*^^- -.■• 
w jv t.; i..:"!:-^*. - "iJ *--c .-i.il Z'r'ICl-f'^lJ 

if* .*:Ii .-i.lt.ti ■.;:-jr».-. ?x:-pc in a f±w ;. : 
-.ui.'i ^»-;ii;rt» ir;:u :j>ic .ldd Otitn assign-*!. 
■i# * vu^mtwii. I" i ::ns tubjecc die earlT 

j»-s.»ru l in i :r%e»r«Mi"*. 

\:miii K iiiixt- viim \%i.tc earliest in tbe 
•)n:iv mii niiinv !uuu- will endure lares 
t'ftfiiiu, ^ ; !«i «%-i!( !)iii*i .it Milan in 1501, 
wt: * f.r uiii«_* jt'iti.tiiuiiil i»l ^ood and ill. 
«■.:■»* :!«.i*. *% ..J2 ^—-!»( abilities and in 
i4i'i:V''j.i. iftjor t.*c. r..r.!i|(lurious. And 
iuf*?>*«s» »»» »■ «.« ; .■'.■*jL.*^v '..hat he starred 
M»tii)»u*>» »i. |.*.jvL.ii.-/.*. ,*j»" Ac day of big 

|i-.i'.*f M- immi: *Tix i-.»if advance faac 
■if tt-itiMH «.* !**f M>luiio» rt{ «■.* equations ] 
■srt-nn;! ;<;v«i"" t-\tv|»l lli«1 k about 1508, 
t'ii»*V ,m M \H»thfiii(tttm «t Italognia, hac 
«v*: t*." l. -vMnn nm» of the case* of cu 
«•» l \ w • mr-li 1 itmeh more general I 
Mt : ^ V-.,i V lr|ii Iijh method a pi 
IV .' *• \ \ \ m\Uu wuh stimulate 
„.,.-« v- »i m>L Uudiug himself b 



rarnoAt amj »iiNi«inciL 

cience, however, was the gainer; and this thron-m. 
wn by the name of " (Janhm's rule," «t this day 
ks a point beyond which no efforts of ■ iliipMIH 
brajMa hive been able to cany them in tlie solution 
itibic equations ; and, indeed, bul link aueeaa baa 
into! theal researches in iht- pmml waet solution af 
ations of higher degrees. Cardan pointed out Am «p- 
Ebnatioil lo the roots of thou cubic equation* aittcb 
rule did not solve. He also clearly understood *«k 
"ie leading principles of the mots, and the i'ormatiixi 
te co-efficients, when we examine the forms of rwnfc- 
i in general synthetically. Thii must hate ban 
: difficult than we can readily conceive, owidjt. to 
im[ii'i iVi'iioii of the algebraic language. The usual 
ctice of the day was to put the r 
rdan delivered his in a poetical lire**. The a 
e obscurity of such a mode far m 

s any advantage it may give to the o 
even in this respect, a symbolical fi 
surpass any versifi cation. 
\lgebra was at the same time cultivated in G 
phelius, in a work on that science pubjiabtd at No- 
; in 1244, employed integer n 
re, both positive and negative ; 
e characters for plus 
. In equations he did not go beyond the « 
lobert Recorde, an Englishman, of about the ■ 
ate, published the earliest treatise on algebra in the t-a- 
ish language, in which the sign of equality tint appear*. 
The properties of algebraic equation* were discovered 
y slowly. Pelitarina, a French mathematician, hi a 
" e bearing the dale of 1558, first observed that the 
if an equation is a divisor of the Lut term. He 
remarked the curious property of numbers, that the 
n of the Cabe* of the natural Lumbers is the SSpHt* 

n of the numbers themselves. 
Bombelli, in Italy, wrote on algebra ; «»d pointed 
that the problems involving the irrerlfihaV tmt at 
's rule, admit of geometrical ctwatrthtUaai by the 




perhaps, E« accural ■ more luting n 
Vieta, * native of Fontenoy, who is entiii 
the great ornament of French science. I 

remarkable for industry and originality. 
the algebraic Dotation bj the introductioi 
stand for the known as well as the unkna 
so that it was in his hands that the Ungt 
first became capable of expressing generi 
delivered a rule for soiling some cases 
equations. And in the case of an equation 
complete with all its terms (that is, coo 
paratv terms all the powers of the unknot, 
to the highest, hy which the degree of tl 
designated) ; and when the roots are al 
discovered the relation between the root 
•if the terms. Thus was Booth 
taken towards the complete theory. 

\'ic(ii was not less celebrated for the im: 

iniiinliM.d into trigonometry: and in h; 

angul*' ncctions, made a most important 

shahr* m the theorems and problems of g 

.line of the books of ApoUoniu 

In, [J, Lii'ditable to his own ingenuity, th( 

. , ni-riant with the taste and style o 

ilirected his attention to astronon 

. •„j.._i..P™.r'U™ n iViii .-i. 
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re first published about IjfH 1 . anil afterward* coU 

HlllHMII. in Ji'Hi". 
About the same period algebra became greatly lu- 
lled to Albert Girard, a Flemish m&tai 
iugh his principal work, " Invention Nciuvi-ll.' m 
r^bre," was not printed till l(i(i<). Thin ingenious 
Jlor perceived to a greater extent than Vim bail 
ic, but still not in all its generally, the principle of 
i successive formation of the co-oth'ik'tits of an equ*. 
a from the sum of the roots ; the sum of their pre- 
sto taken two anil two, the same taken three and 
ee, &c, whether the roots be positive or > 
| also conceived the notion of imaginary roots j and 
■wed that the number of the roots of an equation 
mnt exesed its dimensions. To these speculations 
added tome others connected with the use of nega- 
e roots in geometrical constructions, &c. He alto 
it introduced the phrase of " a quantity Ira than 
Jiing," which has been so severely censured by some 
tbematidans, who cavil at terms without BM 
i they only become fair subjects of question when 
i wrong use of the term is likely to involve a mistake 
the thin;/. This phrase, of course, never implies 
r thing more than the very conception by which ne- 
ive quantities take their origin ; the supponed 
Tease of the quantity subtracted till it becomes equal 
and then greater than, that from which it is to be 
en. The variable value of the whole is thus said to 
m Ihiwijli zero, and then become negative ; or, in this 
tftttfae souse, fan thtui tan. That is, it becomes a 
fintity at variance with the first hypothesis ; but 
ieh may still enter into our equation, if we change 
! signs of all the terms; or, which comes to the some 
ng, if the signs remain, and we allow the fiction of 
uantity essentially negative. This is, in fact, one of 
«e simple but refined artifices arising out of the 
ibolical language of algebra, which has been so mys- 
ed by persons of obscure conceptions, and ignoranlly 
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*d of Roman capitals, which had hitherto hem 

toyed; thus bringing the nointiou almost exactly 
its present form. His lemurs were encouraged, 
even a maintenance afforded liim by that liberal 

in of science and letters, Henry Perry, earl of Nor- 

aberland." 



VfOgTtM of Optici, Mrelumic*, Sp. 

ifaurolyeus, already mentioned as • mathematician, 
. also distinguished in optics. He conceived the 
of the crystalline lens in llie eye, though not ibe 
x of the retina ; and the application of lenara for 
tedying both long and short sight. In his work, 
Theoremata dc Lnroine et Umbra" (15~5), be gives 
explanation of the fact noticed by Aristotle, that the 
it of the sun passing through a small hole of what. 
■ shape, always gives a circular illumi Dated space on 
reen at a little distance. The rays from the different 
's of the sun's disk cross at the aperture (which we 

suppose to he, for example, triangular), and each 
gives a small triangular bright spot on the screen ; 
e being partially superposed, but arranged in tlie 
n of the sun's disk, will give an image sensibly cir- 
r; and the more accurately so as the hole is smaller, 
he screen more distant. 

'his principle is precisely that of the camera ob- 
it in its simplest form, which was invented about 

time (15ft)) by Baptista Porta, who described it in 
irk entitled "' Majriu "viiurnlis." The subsequent 
ition of a lens at the aperture, only substitutes the 
Id*] crossing of the rays at the centre of the lens, 

at the same time increases the quantity of light. 
perceived, in general, the resemblance Itetween this 
traction and that of the eye ; but extraordinary as 
ay seem, failed in tracing the place of the image, 



les 

ami imagined the crystalline lens to 

which it is formed. In one passage he 

preted as anticipating the discovery of 

but in attentive examination clearly shows la* 

words will not fairly bear any such constim-liou. 

mentions the reflection of cold at the focus of t con 

speculum, which is estimated by using 

place of a thermometer. This very singular suggo 

would seem to imply a greater advance in specula! 

uu the nature of heat than we can suppose to beloa 

this ape. It does not clearly appear whether thistrrf 

was e»w actually tried, or is a mere suggestion ; w 

this day are we aware of any thing being known w 

nut clear up the point. 

Though much of the " Magi a Naturalis" it 
voted to experiments and contrivances of a fri't 
nature, yet it exhibits a close acquaintance with it 
inciples. The work became very popular, 
was translated into several languages. The go 
.Imposition of the age was now more favourable to 

kation of knowledge, and the facilities 
by the rapid multiplication of books, we« _ _„_ 

luctive of the best e9ects in enlightening' 

public mind. Porta also was personally popular, 

his house became the resort of the curious and lesr 

but all this awakened the jealousy of the church ; 

1) the works of the Neapolitan philosopher, 

.a. ii Ilia private parties became objects of susiiid. 

uV ecclesiastics. We do not, however, find that 

WMtetfed to any direct acts of persecution ; pe 

had the caution to give them no act 

■ 

it, of Colchester, published a. wot 

tiMfrlKliftm in 1590, which contains a copious c 

table facta and ingenious reasonings. 

v,,,y |v uid to haw laid the foundation of our 1 

• department of science, which lias 

■ ,,i so many new and important 

!rd his enquiries, also, ini 
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ibject of electricity, anil made many new experiments 
" 'a developenieut by excitation in different substances. 
I declination, or deviation of the needle from the 
e north, was observed by Sebastian Chabot, and the 
p by William Norman before this period. 
Though not, perhaps, directly concerned in physical 
is a vigorous opponent of the Aristotelian 
i, which placed such formidable obstacles in the 
y of the advance of experimental enquiry, we may 
e the labours of the celebrated Peter Ramus, 
) born in 1.502, and subsequently became a 
rofessor of philosophy in the university of Paris. In 
"( situation he strenuously contended against the 
: dogmas which placet! such pernicious re- 
on the energies of the human mind, and so 
Tievously impeded the progress of truth. Such eon. 
uct, of course, drew down upon him the hostility of 
the heads of the university ; and before a tribunal, 
which they obtained to be appointed under royal autho- 
rity, he was tried and condemned. His enemies appear 
have exulted in their triumph ; but his friends were 
■ufficiently influential to obtain for him another profes. 
•orship ; and his powerful eloquence seems to have 
en again employed with great effect in opposing the 
ristotelian tenets. The unsettled state of the country, 
iwever, greatly interfered with all philosophical pur- 
its ; and RainHs, after many sufferings, perished in 
e massacre of St. Bartholomew, 1571. 
Jerome Fracastor, about 1540, published a treatise 
* De Stellis," in which he distinctly refers to the prin- 
ciple of the resolution of motion ; observing, that bo- 
"es, having a tendency to fall straight to the centre of 
e earth, when thrown transversely to that direction 
ke an intermediate course. 

We have seen, in a former section, 'that the lever 
s the only one of the mechanical powers whose theory 
* perfectly established by the ancients. The equili- 
!um of bodies, consequently, could only be successfully 



estigated in cases which were reducible lo 
have also observed, ihat the doctrine of (in 
plane was mi successfully attempted bj I 
further invest i Ration appears to have been 
sixteenth century, when Cardan considered the 
in ft more distinct light; though what he 
on the subject was no more than a plausible mi 

Gtudo I'baldi, an Italian mathematician, 
tempted the problem of the oblique action 
with imperfect success in 1577- He eonside 
the wedge ; and comparing the direction in 
tends to produce motiun with the direction 
the body thus acted on really moves, he otra 
there is between these directions " a certai 
nance," which is greater as the angle of the 
more obtuse. He hence infers that the w 
produce its effect the more easily the more at 
but without obtaining the exact proportion of 
He also observes rightly, that the screw may 
dered as a wedge wrapped round a cylinder. 

It has been stated that the problem of tin 
plane had been solved by Jonlimus in the I 
century, and that the solution is given in ' 
edition of his worts in 15(55. The discuss™ 
ever, is so vague and obscure, and so mised 
the peripatetic views, that it cannot be adi 
having a valid claim to be a real demunstratioi 

The individual who really first solved the p: 
oblique forces on solid principles, was Simon i 
Bruges, whose works were published soon afl 
He not only deduced correctly the ratio of the 
the weight on the inclined plane, but, on the san 
plea, resolved forces so as to obtain their effe» 
fercnt directions, and solved a number of i 
problems relating to them. The principle of 
•oning was highly original and simple. He era 
perfectly flexible, uniform chain, joined at its t 
hanging upon the inclined plane down its perp. 
side, and in a festoon below. However free 
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i upon tin- plane, hi conceived this chain will always 
tain itself at IMt ; the part helow cannot affect it* 
tion. Hence the parts on the plane anil in the per. 
idicular support each other, and their weights are 
■portions) to those lengths respectively. 
These investigations entitle Stcvin to be regarded al 

father of modern statics. After the inclined plan* 
! thus been investigated, various other authors com- 
ted the different parts ot the subject by following up 

conclusions resulting from the principle of resolution 



To Stevin we likewise owe the first suggestion of the 
mental principle of hydrostatics, that the pressure 
fluids is in proportion to their depth. 
The rainbow had from the earliest times been an ob- 
t of admiration to every spectator, hut it was long 
e any observer knew the full extent to which that 
niration ought to be carried, or even eared to under- 
nd it. If it be unpardonable to shut our eyes to the 
it glorious spectacles in nature, it is doubly so to 
ie our mental vision against that more perfect and 
re intimate perception of them, which the knowledge 
their causes affords. 

Among those who felt any interest in such enquiries, 
le rainbow was generally understood to arise in some 
way from the light reflected by the drops of rain falling 
opposite to the sun. 

Maurol yens suggested that the light in passing through 
the drop, so as to be reflected from its back, somehow 
:ijuires colour from the refraction. Hut he proceeded 
o farther with this idea. Others made suggestions 
which only tended to perplex the matter. 

Antonio de Dominis, archbishop of Spalatro, ap. 

roached very nearly to the complete explanation. Hav- 

g placed a globular bottle of water opposite to the sun, 

d above his eye, he saw coloured rays issue from the 

r side of the globe; the colours were different, 

ding as it was more or ken ekvated ; and in the 

r of the rainbow. He correctly traced the course of 
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[he rays refracted at entering and quitting thi 
and reflected at the back of it. The same would 
fore, hold good with a globular drop of wst 
shower ; and, from the same angle being invari 
quired for each colour in a plane passing thiol 
eye, the drop, and the sun, the circular form of 
was accounted for. Still, the actual origin, 01 
the connection between refraction and colour ui 
unknown. The explanation, too, extended onl 
primary or interior bow: in attempting that 
secondary, the author failed. This in vest ig: 
De Dominis is the more remarkable, since hi 
known for any other scientific discovery ; he pi 
an account of it in a work, " De Radiis Visas el 
in 1611. Yet the treatise is in some points so 
that Boscovkh calls him " homo opticarum rerui 
id quod patiatureaietasimperitiBsimus,"(a mani 
of optics to a degree even beyond what that hjci 
endure). This seems unduly severe upon a m 
had been the first to propose an explanation so p 
just and philosophical, as far as it went, of a very c 
phenomenon. And if deficient in some points 
tail, yet he certainly possessed a philosophical 
truth ; which was evinced in a freedom and inc 
ence of opinions on theological subjects, extraoi 
to be avowed by a dignitary of the Romish churc 
which, as he had not the hypocrisy to disguise i 
of course, heresy, and exposed him to a furious 
cution. From this he found an asylum at the c 
James I. of England, in l(jl(>. But, returning u 
the persecution was, after some time, revived, 1 
died, as is supposed by poison, in prison; his bot 
all his writings, being condemned to the flames 
Inquisition. 

Capernictu. 
Kicolas Copernicus was born at Thom in Pr u < 
1473. In the university of Cracow, he attained cor 
able proficiency in the mathematical sciences ; an 
cited bv a laudable emulation of the Era 



: A.HTI MATHEMATICAL BCJKNCES. 133 

by Regiomontanus. he devoted himself to the further 
prosecution and improvement of those sciences, mid 
especially of astronomy. Hiving studied for some time 
: the university of Bologna, and subsequently at 
ome, his reputation became such, that he was appointed 
professor of mathematics in that city; a situation which 
e retained several years with high credit. Hi-'uniinp 
o his native country, and having entered the church, 
i promoted to a canonry in the cathedral uf 
i. Here, exempted from the necessities and care* 
f life, he turned the advantages he enjoyed to their 
it legitimate and highest purpose, in devoting him- 
it merely to the routine of his ecclesiastical rln- 
i, but to those contemplative studies, and laborious 
researches, which demand leisure and seclusion, and 
s fruits of which were to benefit not only that age, 
t the latest posterity. Though he lived in studious 
; declined no opportunity of giving his 
uiintry those services which his talents enabled him to 
estow, and was eminently useful in the regulation of 
e coinage, and of the calendar. His life was marked 
y no vicissitudes ; and he died, universally honoured 
md esteemed, in 1543; when the publication of his 
eat work, entitled " Pe Revolution i bus Orbiuin Ca;- 
had just heen completed. Of its contents, 
md of the grand and comprehensive speculations into 
which his soaring genius had carried him, we must now 
roeeed to a brief notice. 
Continued meditation on the system of the universe 
had impressed Copernicus with a strong persuasion of 
the superior simplicity of the solar system, as originally 
proposed by the Pythagoreans, contrasted with the com- 
plication of the Ptolemaic, and the weakness of the 
arguments by which it was supported. Jn his great 
work he proceeded to develope his reasonings on the 
subject. 

The spherical figure of the earth had been generally 
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ave not the same effects is violent ones ; the Utter 
wiling to dissolution, the former, to conservation, 
"his was at least talking to them in their own language : 
nit he adds, much more reasonably, that if Ptolemy's 
rgument be worth any thing, it ought to apply with 
inch greater force against die motion of the celestial 
pheres, which must be so infinitely more rapid. He 
' i a very forcible manner the illustration of the 
pparent motion of bodies, when the real motion is un- 
•erceived in ourselves, as in a ship ; and objects to the 
■riscolclian notion of the earth's centre being the 
sntre of gravity of the universe, representing gravity 
i nothing else than the tendency of parts to draw to- 
ether and coalesce in the form of a globe ; and 
serves, that it is probable that such a tendency exists 
llie sun and moon, and other heavenly bodies ; but 
at this does not hinder them from describing their re- 
ective orbits. He then explains the solar syst m at 
agth, pointing out the way in which it simply and 
satisfactorily accounts for all the apparent motions of 
e planets, especially their stationary points and retro, 
arktions, as seen from the earth, itself in motion. 
The belief in the perfectly circular form of the celes- 
1 orbits was an essential point in the peripatetic 
item. Copernicus in this particular does not appear 
have been superior to his predecessors, but held it as 
necessary truth; he therefore was obliged to adopt 
the epicycles so far as to account for the obvious devia- 
tions of the orbits from perfect circles : this, however, 
occasioned a very slight complexity, compared with that 
arising from their introduction to explain all the retro- 
gradations and apparent irregularities. 

His system again was unnecessarily complicated, by * 
fanciful hypothesis he made to e*i>!ain the cause of the 
precession of equinoxes : nor did he discard the tre- 
pidation. 

With all these defects, however, the Copemicin 
n will always be esteemed, as giving, at least in its 
general outline, a correct and elevated conception of the 
k 4 



r» at ie kI miUij orbics. It i 
i the «ti iiad rf >{wm which .-e-ul 




tkagorean doctrine, was, that his observations 
planet Mara chewed bin distinctly the very consida- 
>hie difference in the apparent magnitudes of thu 
planet at different times, whence he inferred the retails 
position of the orbits of Man and of the earth ; he 
made alio this remarkable observation, — that if the mm 
of right could ever be rtmUrtd ivJKt-iently powerful, « 
should see phases in Mercury and Venus. 

Copernicus was sufficiently cautious in ihe promul- 
gation of his system, being fully aware of the pifc 
judices he had to encounter. In the first instance ha 
views were only made known through the channel of 
private correspondence and friendly conversation. Thus 
hit contemporaries found nothing to startle their pre- 
possessions, or to provoke hostility. Opinions eman- 
ating from one of their own body excited no jealousy 
among the ecclesiastics : and several prelates were evm 
urgiint with Copernicus to publish his researches. At 
length hi« disciple Rhscticus printed, in 1540, "An 
Account of a Manuscript of Copernicus." This 
hi. in. I ui!h approbation, the author himself 
in ,,il.ii upon to proceed with the puMieation 
i.»ii work, which he dedicated to the pope, in 
a< he iny<i, that the authority of the head of the 
Ull Li III net tin' calumnies: of individuals who a 
)il- tlm by MgUIUWUi ilrawn from religion. 
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Of those attacks wr hare no satiafirtory account ; 

is not quite evident whether he refera to objre- 

dually made, or only apprehended. Certainly 

losuchobjectionsemanated from tin- heads of til* church, 

e his friends and supporter*; and he allude* 

i them only in a brief and somewhat conteotptmma 

rag not till some time afterwards that we 

„, have on record any systemalii: opposition to ibtm: rirn 

of the celestial motions, on the ground uf alleged rcpng- 

__ nance to the truths of revelation. 

The system advocated by Copernicus found it firs* 
I few supporters ; but the number, though small, in- 
J eluded several of tlie most eminent philosopher* of the 
day. The testimony given in its favour was that of 
few individuals, but of those best qualified to judge ; 
B and the adoption of the Copernican doctrine by iheae 
men was equivalent to its extended promulgation. 
* Such were Rhielicus, already mentioned, the author 
of a commentary on the " Revolution a," and of extenalTe 
trigonometrical tables ; Erasmus Rheinhold, who im- 
proved upon the astronomical tables of Copernicus ; 
and also taught that the orbit of Mercury b elliptical, 
' e it'fti'ritt of the moon is likewise elliptical ; 
Rothmann, astronomer to William, landgrave of Hesae ; 
mil Micstlin, the instructor of Kepler. 

The landgrave of Hesse was a remarkable instance of 
a sovereign prince devoting himself to the actual labour* 
if astronomical observation, and composing a catalogue 
" e fixed stars (15(i0). He was assisted by Rotb- 
i, and also by Justus Bjlgfu*, who directed con- 
siderable mathematical talents to the improved con- 
struction of the astronomical instruments, used by the 
landgrave, in the superb observatory which be bad erected 
it Cassel. Mestlin was known by several astronomical 
researches. He availed himself of the principle of the 
mera obscura to measure the apparent diameter of the 
n by throwing his image into a dark room. He sug. 
gested the explanation now gene/ally received of the 
faint light visible on the dark part of the moon, as being 



the ilocstioa ef the lasr bag. Thai W < 
o seek refuge in othr* couttrrin : utd. ausdar 
' patronage of the e ■] pei n e Bil u lpfc II, (who »p- 
' KM valued Mm chiefly from the imiUWr baa 
labours would give to the •ttrotBf-inl art), We i ea arw a - 1 1 
" "is observations at Prague. But bis Wtuili ami spirits 
e broken ; and be at length suck under a ■■gall s' 

l 1601. 

In reviewing hi* scientific labour*, we And that in 
the commencement of then, Tjrebo feh raoac tcnWaty 
aa the capital deficiency in the observatory, the want of 
aaures of time: he succeaawly tried a 
mber of contrivance*, and at length the i P i p erita 
"a then constructed, but without any material sue. 
Before the perfect construction of clocks, a-tro. 
i were necessitated to adopt various methods of 
tnding the right ascensions, ami thence the longitudes 
if the stars, by observations on their distances from the 
ran, which was effected by an intermediate comparison 
s-iih the moon ; or, according to Tycbo's suggestion, 
with Venus. He endeavoured to improve upon the 
accuracy of preceding catalogues, by numerous deter* 
( of this kind. He also invented the simple 
method of finding the latitude of a place by observing 
" e meridian altitudes of a circumpolar star when above 
1 below the pole. He investigated very fully the 
~ue to atmospheric refraction ; though he 
ascribed it rather to vapours than to the atmosphere 
itself, and entirely exploded the trepidation which had 
so long disgraced the astronomical tables. 

In comparing the positions given by Hipparrhus with 
those la his own catalogue of the fixed stars, Tycho 
was led to the important discovery of the alow dimi- 
nution of the obliquity of the earth's axis, which is so 
gradual, that it cannot be detected but by comparison 
f observations at very distant intervals : its existence 
as, therefore, long disputed ; but modern observations 
e established it beyond question, and it has been 
ati to be a consequence of gravitation. 



In the theory of the moon, some important disconn 
xere also made by this i nde fa ti gable and skilful w 
server. Two inequalities we have noticed as knoim 
Ptolemy. Tycho discovered a tllird, called the " V 
nation." He also showed that there is a small perin 
ical change in the inclination of the moon's orbit: > 
again, that a periodical change takes place in the iiiuii 
of its nodes. 

Tycho argued ably, from observations on the earn 
of 1577, against the received Aristotelian doctrine 
that cornels arc only meteors formed in our atmospliere 
He determined the horizontal parallax of the comet 
question, which was such as to prove that it mow 
beyond the orbit of the moon. It hence followed t]M 
the celestial spaces could not be occupied by solid crjt 
talline spheres. He was violently attacked on this pou 
by the adherents of the school doctrine • and his ail vet 
saries completely exposed the weakness of their 
by having recourse to invective, and even pa 
calumny. The real nature of the cometary mi 
however, remained undiscovered ; though both Tyd 
anil .Mivsiliii proposed theories involving epicycles. 

The objections which Tycho unhappily enterti 
against the Copernican system were built partly 
physical and partly on theological grounds. lie, he 
ever, speaks of Copernicus in the highest terms 
admiration ; and even joins in the refutation of 
object inns urged against the diurnal motion of 
earth by Ptolemy. The argument by which he him 
was satisfied of the fallacy of the diurnal rotation I 
tills ; that if a stone be suffered to fall from the top a 
high tower, it ought to reach the ground far behind 
foot of the tower, whicli it does not. To this Rothmi 
replied, that a stone is a part of the whole mass, t 
therefore partakes in the earth's motion. 

Against the earth's annual motion, Tycho urged 
old and thrice refuted objection of parallax ; for 
complete answer to which lie might have been refen 
back to Aristarchus, Another argument was deri> 
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[ the erroneous impression rontejed by the rye, 

ist the stars have a aenaible di«k or ngnUl 

'c tucli an apparent magnitude, if aa dfUnl u 
opemicus would make them, Tycho caleulaMil lliat 
eii real sue must be larger than the wh-.ii- 
e t-jutli. The answer U, we cannot mj that this 
not the case. Bat again, the me of the tckicupe liaa 
nee shown that the assumption is incorrect, the idn 
aving no real disks. 

The theological objections winch appeared to Tycho 
10 formidable against admitting the medflO «1" the earth, 
It deduced from certain passages in scripture, in which 
iressions occur attributing motion to the sun and ml 
a the earth. Considering the state of knowledge in lui 
it ia not a matter of surprise that such objectiona 
iiould have possessed considerable weight. I I 

it must be remembered, that the question of the 
clestial motions had not yet obtained any tlrmanrlralire 
solution : and, on the other, though the lii'ht of the He- 
lion had, before this period, been dittiiscd throughout 
hirope, yet thi tfcje of the age wa» not 

uch as to allow of accurate discrimination in the u*c or 
pplication of the sacred writings. Tbe philosophical 
leory could not, command absolute conviction ; and the 
: thus made of the authority of scripture was not 
perceived to he n misapplication. Hence it cannot sur- 
rise us, that the two appearing to be at variance, the 
irmer was made to give way. In truth, it can hardly 
e said, that even at the present day such questions are 
placed upon their right basis. The advance of illumin- 
ation during several centuries, has hardly yet (among 
the generality of mankind) exhibited in their just li^rhic 
such contradictions between the letter of scripture and 
the results of science. But of this we shall see more 
instructive examples in the sequel. To return now to 
Tycho. Fullyimpressed.inhisown mind, with the weight 
of these objections, he directed hie thoughts to framing 
" er system, by which they Bhould be avoided. He 
supposed the live planets to revolve round the tun. 




led. It is, e 
the {rineifk of the epicycles ; si 
phot to the tjttao at Copernicus, it Mg|( i 

• Hep in the progrej* of m 



a of that theory, winch bean opoa g 
ptm at the grandeur and simphcirv of c 
only be regarded is ■ decidedly retrognd 
It u a melancholy proof not only at the * 
of the perverseness of the fai 
baciwardnes* in the pursuit of troth, bat of u Ok 
happy rejection of it when presented to oar gtoon 
The character of Tyeho exhibits a remarkable ■ 
of acuteness andjweakness. He was a firm sappat 
astrology, and wrote in defence of it ; he beiitred ■ 
omens, and even regulated his conduct i 
with such warnings. At the same time, bii 
hibits many instances of liberality and genenwtty; i 
upon the whole, we cannot but regard him i * 
entitled to the respect in which he has been gi 

- 

TV period of which we have now been treating w 
aisunpiislied by a transaction of some general intern 
aht reformation of the calendar by Pope Gregory XIIL, 
fe 15Si. We have already noticed the devices a." 
ihc *»me nominal days and months to the 
fcvra.^ aasws. and the necessity for doing so, a 
l n: iV l irv«' nstauce ' '' ]at l ' le B °l at year is not m. 
- V an aatt number of ,lavs - The Julian I 
urcalated a day every fourth y» 
u about eleven minutes longwi) 



Reformation of the Calendar. 
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■ue solar year. This diflerenc* ai 

had amounted to nearly eleven days 

1". Thus the equinox which, in Julius Can 

mi the Hat of March, now look place un ih« lOtb. 

e Gregorian reformation aimed X two objects : th* 

ias that of preventing flu accumulation of the dif. 

e in future, by ordaining that the concluding year 

I first three out of each four reniuries (which 

uiil have been hissextile) should be ■ common year, 

e fourth remaining bissextile. Thin diminishes the 

difference to Hn amount almost insensible: to make it 

), Laplace has since suggested leaving the 4000th 

common year. The second ohject was to restore 

e equinox the name of tin- 'Jl»t of March, with a 

r to du regulation of the festivals of Ule rliurch, 

teUOj Barter. Hence the adoption of what waa 

~ie new style, or dating eleven day* forward ; 

s tile 10th of March, being now called the Sin. 

is gave rise to great confusion, aa the itatei opposed 

i the Pope's authority long refused to adopt it, and 

o styles prevailed. It was not adopted in England liU 

1751 j nor is it in Russia to this day. 



SECTION 111. 



In the period last treated of, we have had o 
notice the advances wh;c!i hegan to be made in the ail. 
teenth century, in the various parts of the abstract science 
of quantity, and of ita application to some of the phe- 
nomena of the natural world. We hare also seen the 
commencement of a revolution in opinions on |ikQoaaw 
I subjects: an opposition beginning to manifest 

it t^e Aristotelian dogma, and ■ 
■iitiun to recur to experiment aad aJasrf < .ti.ri u tb 




7 i'' r.i-v. At -'■-•! 

the world we have found ec£*-ine; 

oftw^philoeophen of pre-eminent celebrity: 

though be laboured in the observatory 

measures of the f icts, (vied in (be a 

of the theory he propounded : the » 

adoption of a satisfactory theory, hi 

only by arguments from analogy 

and the demonstrated insufficiency of 

We hare now to torn our attentkt 

in which we shall rind the I 

firm basis of facts, and ace 



Ktpler. 

John Kepler was born at Weil, in the duchv 
Wineasberg, December the 21st, 1571. In ii* 
health from bis birth, his life was more than once 
spaired of, yet be continued to make considerable 
gress in bis studies, both at the school of Maulbron* 
and at the college of Tubingen, under the tuition 
Mestlin. His time was here occupied, as he has him- 
self minutely related*, in the ardent pursuit of 
astronomical speculations, which evince at once t 
tility of his imagination, and the indefatigable 
verance with which he pursued and worked out the mot 
laborious details of calculation required by these tl 
ries, which, after all, turned out entirely unsubstan 
and which he discarded without hesitation on fim 
them so. 

Meanwhile he had acquired a reputation which 
once recommended him to be appointed professor 
astronomy at Gratz. Here, in the intervals of 
public duties, he pursued these researches with unabi 
ardour. *' There were three things," he says, * 
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■ticular, of which I pertinaciously fought the causes 
J- they are Dot oilier limn they BB I tM HI 
le. anil the motion of (he titbits." lie an 

I the simplicity of the ('opemiean lyntroi. and 

s thus anxious to truce numerical relation* IMM 

* elements, from a firm persuasion that some abstruse 

inciplc of numerical harmony jKrvaded all nature. 

1 regulated the proportions of all its part*. One 

■r another, he proposed, tried, and rejected every son 

mmerical relation he could devise. Notwithstanding 

Jetual failures, he adds, — " I was comforted in 

e degree, and my hopes of success were supported. 

11 by other reasons which will follow presently, a* 

serving that the motions in every case seemed to 

e connected with the distances, and that when there 

a great gap between the orbits, there was the same 

een the motions ; and 1 reasoned that, if Ged hid 

lions to the orbits in some relation to llie 

was probable that he had also arranged the 

inces themselves in relation to something else." 

is far from our intention to follow Kepler through 

e vast numlier of speculations which he pursued on 

e points ; we merely refer to them as admirable in- 

tions of the spirit and character of his method of 

philosophising, and as illustrative of the genius of his 

is. The theory which pleased him best, 

and which, though it deviated considerably from the 

observed results, yet he regarded as differing only by 

i errors of observation, was a geometrical conBtruc- 

n which determines the proportions of the orbits, by 

inscribing successively in them the five regular solids, 

each sphere being drawn to touch internally the sides of 

the solid inscribed in the preceding. This, with some 

other supplementary theories, forms the substance of 

"lis " Mysterium Cosmogruphicum," 15f(6. 

In 1597 he withdrew frum Ofati into Hungary, 

1 subsequently visited Tycbo at Prague. Owing to 

: dissensions, it seems that lie shortly after gave 

is appointment at Grail ; and his affairs being in 
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nary work, hi* " Treatise on the Motions of the 
Use! Han." Hi> had devoted himself to (din sub. 



intervals from the ceHunencanenl at Us 
etit with Tycho ; and [he determined perae* 
ilh which he laboured at llie most (rverwl 
ithtiietical calculations, is, perhaps, scarcely leas but. 
-ising th;in the powerful genius which shines eonspi- 
tous in the successful treatment of sn arduous an 
iquiry, nr the wonderfully prolific imagination, which 
as never at a loss in starting a new theory to work 
>on when the last had been found insufficient. This 
ilume contains, in effect, the devclopemenl of two of 
lose great laws of the planetary orbits by which the 
»me of Kepler has been immortalised, and which 
orm the basis of the whole system of Newton. The 
uthor seems thoroughly impressed with the import- 
ice of the work on which he is entering ; and having 
i eye to the prejudices which had been evinced with 
spect to the promulgation of the ropernican system, 
id the views entertained by Tycho, he introduces his 
bject in the following emphatic terms : — 
" If any one be too dull to comprehend the science 
' astronomy, or too feeble- minded to believe in Co- 
■micus without prejudice to his piety, my advice to 
sell an one is, that he should quit the astronomical 
:hools ; and condemning, if he has a mind, any or all 
ic theories of philosophers, let him look to his own 
lairs, and leaving this worldly travail, let him go 
ame and plough his fields ; and as often as he lifts up 
> this goodly heaven those eyes with which alone he is 
>le to see, let him pour out his heart in praises and 
lanksgiving to God the Creator ; and let him not fear 
it he is offering a worship not less acceptable than his 
whom God has granted to see yet more clearly with 
le eyes of his mind, anil who both can and will praise 
s God For what he has so discovered." 
In the introductory part of the work, the author 
discusses at length the received opinions respecting 
gravitation ; and after exposing many parts of the 




titt-tauta put of their distance, at 
mmaea :V »nh by die other fifty 
*« w«uJL dUM meet; Msnoiing, fi 
MhMu* M hath m of die hdw liens 

«f <ht Ma «MmA£ h* iiawtt, and would 
«flh*ttMfc.* 



*T- 



iwj'mIwlIi law iawiiiiiiii ~m an i 
gte* -te ** >■» ™* vfck* W— ■ 



«MM mMm a» each ather, >m, 
tftfhl WHi Ik the mm 
lifc- Hmt w ,«h athei — I f At 

>t»«M.M^ N ^.«( th. 
^ ^h* «Mh> 

¥* Oht Mfth Wh at the «•*, Ke 
!*«*-*« «rtftafW TVoUer, 
S jWW l aw a ihe — fi— rf that ■ 



VKVUOAL *«D MATHEMATICAL KIENOH- 149 

other kind. No sooner, bftWCTer, did he find ihil 
■thcsi* fail, than he plunged into fresh compuu 

- in pursuit of a new construction. Hcwih, in ilii* 
nee, it'll by a singular train am! combination of iilcus 
nc of those real laws which have since I ■.-. 
mnclniion of physical astronomy. 
EDi object was to investigate the real form of ihe 
orbit of Mars, from the motions of that planet as ob. 
rved from the earth, itself in motion. Hence it was 
icessary to distinguish that apparent part of the in- 
equality of the planet's motion, which is caused by the 
equality of the earth's motion in its orbit 
Considering, therefore, the earth's orbit as circular, 
■ many laborious trials, he at length deduced a 
tolerably exact representation of the law of the earth's 
" s orbit, by supposing the orbit to be dc- 
■rihed about the sun, which is nut placed in the centre, 
a point from which, if lines be drawn to succes- 
sive points in the circumference, the areas of the 
»rs formed by these lines, and the intercepted por- 
s of the circumference, will always be proportional 
the times in which those portions are described; 
in other words, is called the law of the equnhle 
_ \bm of «»m. 
In considering the orbit circular, he assumed what is 
arly true for that of the earth. In proceeding 
o carry on his investigations with respect to Mars, he 
w divest the subject of those difficulties which 
e from the inequalities of the earth's motion ; and 
boob found that no circular orbit would represent 
that of Mars ; nor would the equable description of areas 
■bout a point within a circle represent its motion : it 
then occurred to him that the form might be elliptical 
>r oval. But a number of subsidiary hypotheses were 
•et to be framed and rejected in turn before the simple 
doctrine of an elliptic orbit could really be established. 
The picture which Kepler presents to us of the work- 
s of his mind while pursuing this research is full of 
; interest It would be impossible, 
L 3 
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•gain, by an»tl*T law, ifi whatrrer cirec 
<fl. Iln tttirta, w*, >/7 iMtir.ttiTt judaic 
tii t,ttj&X in that direction produced ; 
<»mi»K downward*, or falling on the low 
MtiM, ii referral by ua upward*, or to ■ 



nivsujAi, i 

■ unhappy ce&dbhm ■• heretofore; ttlougb 
li of the emperor Kodolph, lie was nominated la 
nue in dH ■ ■ .iihemattriin under 

time, was ap- 
ed loa profeswir : ilj of Lin*, in 
Bat, in add) >y embanMs- 
s, lie was at tins lime Uhoimiij; under ikBMft 
tion, in the loss, first, of * son, ami thru of hi« 
: he seems, however, with his usual elaatlrlty of 
s, to have soon recovered from the blow, and we 
11 gMng 11 niiriiilc, and hiehly characteristic and 
f account, of his choice or a second wife. 
new residence at Lin* was not lone; undisturbed ; 
l involved in some disputes with 
>lie priest*, apparent! ■ ■ ■■. (antea 1 
iubstanualion ; but it does no! exactly appear how 
e question had any reference to his philosophical 
'ma: it ended, however, in Ms being cicnm- 
i. He aays, in one of liia letters, " The print 
ol inspector have rem billed to brand me with 
c stigma of heresy, because in en . 
■ that side which seems to me to be consonant 
with the word of God." Whatever the particular point 
in dispute may have been, the real and unpardonable 
offence probably was, that he had dared lo think fur 

It was at Linz that his thoughts were [Mlllmlnlj 
directed to geometrical investigations ; am), from the 
accidental circumstance of noticing the blunders of an 
ignorant gauger in measuring his wine casks, he waa led 
to investigate the subject of the mensuration of solids : 
this gave rise to some speculations, which afterward* 
sfiumed a more peculiar and prominent interest. 
Kepler published, in 1615, a tract on Stereometry, 
which the measurement of tie contents of many 
"ds was proposed, which had not as yet fallen under 
Uthematiriana : such, for example, were 
s generated by the revolution of a curve, not 
i, but about any line whatever. Thl* in- 



■ formed by the revolution 
nm afcoM its rA*r*\ which are precisely of -Jk 
•f cask* and otbtf iLwh, so that the irrvesthjU 
aft iaameiEaae practical object as supplying r 
•Saga**;- Kepler propos ed a ran number of 
«f sack salads Ear the cottadention of geamc 
wb hms s d f smrisnsl to the task of toiling ma 
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mdosag this, thc»*fc he had rettrowe to whi 
srofcr ta* Method of limit*, jet he devised 
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Mmmorabon, bat shall only take 
m a inl y some bright flashes of real _ 
t iohico) troth break oat here and there in the m 
afcc tfcaor. In the course of a speculation on the 
why law heptagon is not employed in the acti 
•*r*."*>on of the universe, the author drops the h 
" uV root of an equation which cannot be ai 
1. way yet be found within any degree of 
"* hy an expert calculator." He exp 
8 of astrology ; and, while he strongly 
'" Mi ties of the vulgar belief, attempts 
e • system of celestial influences, in which 
nta the earth as an enormous living 
• tMtoa beiug its act of respiration, and its rit 



' the 
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" of the celestial 
•Jupiter u taking the bast, Man the tenor, ibe Earth 
and Venue the counter-tenor, anil -Mercury the treble. 
"With some inconsistency he rejects the thmry, wbirh 
liad at least poetical beauty to recommend it, adopted 
"by several of the astrologers, thai each planet hid its 
guardian angel, who conducted itt motions : he bete 
drily refers to die elliptic motion, which, he a 
" rather smacks of the nature of the lever and a 

!t is in the midst of all tliis extreme non- 
sense, and in a discussion as to whether the planet* ate 
irally light or heavy, that the author announces hia 
ovcry of die third great law of the planetary titbit* : 
\s of it in terms of the most unbounded rapture, 
e grand consummation of bis desires and laboun ; 
B pursuit of which he had devoted his life, and 
!i excels all the harmonies of die celestial sphere*. 
:, indeed, as connected with this idea, that be bad 
: >d into the enquiry. 

real," he says, " as it the absolute nature of 
nics, with all its details, as set forth in my third 
it is all found among the celestial motions . not, 
, in the manner which I imagined (thai is not 
ist part of my delight), but in another very dif- 
:nt, and yet moat perfect and excellent. It ia now 
n months since I got the first glimpse of light, 
i months since the dawn, very few days since the 
it admirable to gaze on, burst out upon 
Nothing holds me : I will indulge in my sacred 
I will triumph over mankind by the honest con- 
n that I have stolen the golden vases of the Egypt- 
. to build up a tabernacle for my God, far away 
n the confines of Egypt. If you forgive me, I re- 
; if you are angry, I can bear it : the die is cast; 
e hook is written ; to be read either now or by pos- 
erity, I care not which; it may well wait a century for 
t reader, as God has waited 60011 years for an ob- 






Thus to the third of these 



■ would know the preo* 
e idea first mot across me on the 8th <rf M 
', lf>l 8 ; bat, chancing to teste * if i«l 
two, I rejected it as false. I rctorneit 
So il with new fane od the 15ih of Slay; and ~* 
•sasipsard the darkness of my mind, bv such an » 
nteen year*' Il 
i first I them, 
a* bad taken nay result far p 
M my first assumptions. But the lad is perfett 
e proportion existing hetwei 
■s of any two planets is exactly the * 
pbesae proportion of the mean distances of their m 
Thai is, a* we may express it with more perspi 
aW afawre* ff lit haw* are m* the. cube* o/ the 

important prin 
ia raws amply derived from induction 
tact, the ttaoitial deaadentnn, at this stage o 
science of the system of the world, was precise! 
oVsermirutk* of its numerical laws, deduced wi 
reSerexee to any physical hypothesis. Had such reJ 
been deduced in connection with any theory, they ' 
have been received with suspicion ; and, rerv pro! 
U the then stale of philosophy, would have been 11 
aside alsna; with the theory, if it had been in its 
exploded to make way for a newer system. The 
advantage possessed by these laws of Kepler, was 
awrrrjr iWarfifv character ; and we cannot help r 
stating, is the extremely peculiar turn of Kepler's I 
which sought after these arithmetical relations p 
for their own sake, the precise intellectual charactc 
cuisite for taxing this particular and essential ste 
wards the establishment of the system of the w 
raised up at the precise period when he was wanted 
fulfilling this one great purpose in conducing t( 
promotion of truth, amid all the innumerable art 
to error, which were opened in bis other speculation 
o sooner published his epitome ol 
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1UTBKXATIC*!. i< (ENCIS. 15' 

i i W ron oitt J i« llilS, than il wu honoured 

y being placed, along with the worka of Copi l 

; list of luniks prohibited by the church ; lit- wa» 

"considerably alarmed at this circumstance, anticipating 

^difficulties in the publication of other contemplated 

-works ; hut it would seem without, reason. In the Mine 

ear he became acquainted with the invention of loga- 

tlims, and even calculated tables of them. He hat 

at on record a curious notice of the spirit in which 

r.aivtd ; many mathematicians 

rearing to think it derogatory to their dignity to make 

| of tables of results already calculated to their 



In l6S0 be m listed by the English ambaasadoT 
ir Henry Wootton, who endeavoured to persuade him 
d settle in England, but he declined, from a desire to 
'ie publication of the Rudolphine (able*, 
hich had so long been delayed from want of the ne- 
/ funds, promised indeed, repeatedly, from the 
raperial treasury, but not more readily forthcoming 
n his pension. A variety of other causes contributed 
i to delay their publication, especially the dUlurb- 
es which accom [mined the p rog reM of the Reform- 
in in Germany. Kepler's situation as imperial 
diematiciau alone saved him from the violence of 
mish party : but his library was taken possession of 
the Jesuits. 
l l627i however, these tables appeared, and con- 
1 great improvements upon all which had pre- 
I them ; the volume is remarkable in containing 
a first suggestion of the method of determining the 
ongitude from occultations of lived stare by the moon. 
Kepler was now patronised by Albert M'alleuntein, 
luke of Friedland, who valued him only as an aatrologer, 
t least a better paymaster than the emperor : 
vice Kepler died, November 1630. He left 
mass of unpublished writing)*, which were examined 
r Eulcr and others, but nothing has been printed ; and 
e may presume nothing appeared worth publication. 
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i) ile" Medici, grand doke of Trataay, thtMgb 
e influence he wu appointed 
it Pis», in 15S9. 
Settled in bis new office, be directed hii illiiliiw 
i increased energy to ■ rigid elimination of il 
rite dogmas of the Aristotelian pfcjsea I 
f experiment. Id nidi en 

d by the concurrence of several of hii e 
I countrymen. Benedetto had ccntroierted • 
: positions of Aristotle's raerhanira ; and ibtl 
lal genius Leonardo da Vina employed maud) at 
■ » of Coper- 
s also were now making * aOent, but ■ 

i of learned men. But we hate ■ 
: striking instance in Giordano Bruno, « 
; scholastic doctrines with unsparing b 
d their absurdities to (he a 

s, of course, soon brought under the power of 
e Inquisition, condemned as a heretic, and ultimately 

t Home, in lfiOO. 
Galileo was not backward in contributing to the 
e great work of intellectual emancipation; and aa 
is he succeeded in refuting the scholastic tenets by 
s appeal to experiment, he denounced them from his 
rofessorial chair with an energy and success which 
e against him the other r 
■s of die academic body. 

One grand tenet of the schools was, that heavy bodies 
all to tile earth more rapidly than lighter in proportion 
o their weight. Galileo, in the presence of the [uti- 
lity, ascended the leaning tower of Pisa, and dropped 
n its summit bodies of different weights : with 
inconsiderable difference, due 
air, they reached the ground nearly at the same 
The learned quoted Aristotle in preference 
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ii nthernatically ., that the tjiiirc* itetiyribtd imist 

'• 0/ the times, and that the space fallen 

gh in one portion of time is exactly half that 

1 would be described in the same time with (lie 

acity last acquired, continued uniformly. He toon 

1 body descending on an inclined plane must 

1 like manner, accelerated : he therefore adopted 

1 a simple mode of putting his theory of falling 

e to die test of experiment. 

n his knowledge of the inclined plane, it easily 

red that the times of falling down all the eknrdt of 

:le, terminating at its lowest point, must be the 

He, however, fell into an error in maintaining 

e of the circular area, and in applying this to 

the vibrations of the pendulum. 

Knowing the law of falling bodies to give spaces 
proportional to the squares of the times, he deduced the 
motion of projectiles, and showed their path to be a 
parabola. This reasoning involved a principle which 
Galileo does not expressly refer to by name, but which 
is, in fact, one of the cases of the general principle of 
composition of forces. 

The question as to the motion of projectiles had been 
put by Aristotle, but without any solution. Some of 
the early writers on gunnery noticed that for certain 
distances the gun must be pointed upwards : and Thomas 
Diggcs, in his " New Artillerie" (15J)1), had remarked 
that the ball has, from the beginning, a downward mo- 
tion, which, though insensible at first, draws it from its 
direct course. Tartalea supposed the ball's path to be 
made up of an ascending and a descending straight line; 
connected in the middle by a circular arc. To these 
imperfect notions succeeded the sound and philosophical 
theory of Galileo. 

The mechanical and dynamical researches of (his 
great philosopher are unquestionably those in which 
we recognise the first real union of experimental and 
mathematical reasoning in investigating the laws 0/ 
force and n 
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jrrt been offered in support < 
•pbrre, however, which f 
ascribed u» Galileo, appears i 
iheiitiej'jr. Bvlh o 
profcaatd grew esteem for Kepler, 
conceal hi* dit*enl from his ttrar 
" Kepler," Mid lie, " posseawe* a bol 
perhaps too much »o ; but his mode 
11 widely iliflovnt from mine.** 

Galileo 'a reputation nt now beg 
iBonir. Hit lecture* were attended 
m* Ibe hiejini rats ; sad when, accor 

a not ooJt re-jppointe 



The i.. 

fand to, of court* attracted the ttilj 
Galileo. I'rowd* nocked to bis lecture 
f omit nil upon it ; and he appropriat 
to conanwl their eagerness at Uie novel 
of this spectacle, with their negligenca 
onlLtisry ap|«-arai]fe» ul' nature, not at 
more instructive. He 2 
i bating no sensible par*]] 
I"' situated far beyond the region, of ot 
which the Ariatoudiait. referred all e 
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His lectures « 
n obliged to adjou 



i thronged, tliat lie wis 
e open air, anil his re. 
nded far and near. About this ]ieriod he 
s to have first invented the thermometer, or rather 
■mostope " ; tor the former name could not be pro- 
y applied until tlic adaptation of a lixrd tcale at a 
T period. The instrument is mentioned in a letter 
■ in l6l3, but how long before the invert. 
i had taken place is uncertain. Even this date, 
> that of Drebel (1620), who may 
have devised it independently, and was certainly the 
t who introduced it in Holland. 
iliWs thermoseope was a tube ending in a bulb, 
in a vessel of water, the bulb being occupied 
Leopold ile' Medici, some years afterwards, 
filled it with spirits of wine, and sealed the open end 
while tile spirits were boiling. Mercury was finally 
hslituted by Lana in 1 670. 

t engaged in a dispute with J(al- 

r Capra, who appears to have pirated his invention 

e of proportional parts. He also turned his 

to the subject of magnetism, bestowing high 

mdationi on Gilbert, with whom the expert- 

■1 investigation of this science had originated. 

i Hit)*), proposals were made to him to return to 

"Josmo de' Medici, who had now succeeded hi* 

i grand duke of Tuscany, regretted that so 

a genius bud been allowed to leave the uni. 

, which be should naturally have adorned.' Go. 

o these overtures are extant, and give a 

hly interesting and chiiracienslic picture of his 

»i, designs, and disposition : he, however, did not 

' e offer. 

The year tiiOQ, the same in which Kepler's com- 
mentary on Mars appeared, is also for ever memorable, 
from Galileo's invention of the telescope. This, in. 
is, in the minds of many, the sole important dis- 
associated with his name; whilst, again, some 
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npie of it to albas. These claim 
pfjMMa$fci ■cMaMj o: wfchfe fa ._>■. 
MR> and B*ptuU Porta hive been 1 
cfakuio, u aha Digges and De 
Janata and Lippcrway, two Dutch 
enures: the prioritr of hiring combu 



Gablm himself states that he had ! 

'.A a contrivance. He immediate 

BaMMfer, •£*• optical prinri^akai. 

i effect could be produced ; and at 1 

tekaeope, which thowed distant obj 

— e did not stop to investigate 

its bearings, but, satisfied for the 

success he had obtained, he eagerly j 

farther improvements upon the Ml 

enlarge tbc powers of the instrument 

available for the purposes of astronon 

The principle of the telescope ai 

ate. to a mathematical optician, one s 
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"not dwell upon the invention, his thoughts being now 
^wholly absorbed on the perfection of the telescope, and 
the glorious field of astronomical discovery which was 
laid open to him. 

Being at Venice, his house was thronged with visiters, 
who came to satisfy themselves of the truth of the 
wonderful stories they had heard of his invention. The 
- doge suggested that a telescope would be an acceptable 
present to the state. Galileo took the hint, and was in 
return confirmed for life in his professorship at Padua, 
and his stipend doubled. The public curiosity on the 
subject was excited to the highest pitch. Sirturi, who 
had made one of these instruments, attempting to try 
its powers from the top of the tower of St. Mark's, in 
Venice, was soon observed by the crowd, who detained 
him for hours to satisfy their curiosity in looking 
through his telescope. Instruments of an inferior sort 
were now made every where, and spread rapidly over 
Europe ; but the manufacture of the superior kind was 
confined almost solely to Galileo, and those whom he 
instructed. 

" The invention of the telescope," professor Playfair 
observes, " is the work in which (by following uncon- 
sciously the plan of nature in the formation of the eye) 
man has come the nearest to the construction of a new 
organ of sense A series of scientific improve- 
ments, continued for more than 200 years, has conti- 
nually added to the perfection of this noble instrument, 
and has almost entitled science to consider the telescope 

as its own production After the invention of 

the telescope, that of the microscope was easy ; and it 
is to Galileo that we are indebted for this instrument, 
which discovers an immensity on the one side of man 
scarcely less wonderful than that which the telescope 
discovers on the other. The extension and divisibility 
of matter are thus rendered to the natural philosopher 
almost as unlimited as the extension and the divisibility 
of space are to the geometer." * 

k * Dissertation on the Progress of Science, pp. 248—1250. Works, voL ii. 
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diwovery was now acknowledged. 

and observers began to discover more 

went as fur as twelve. But a short riine snSeri 

show their fallacy; and the four sat'-!.: 
retained Uieir plane*. 

Tbe news of the telescopic discoveries reachal A 
land in IfilO. Harriot (already mentioned asatMll 
matician) sedulously cultivated astron ■ 
thrown out, from analogical con si deration*. uV i 
tliat there might exist secondary planets invisible » 
their size anil distance. He was the .first to verify 
results of Galileo, and the observations were eig 
repeated by his friend, sir W, Lower. Tliev jp 
carried on their telescopic researches into tbe vMi 
other phenomena which now crowded upon their nol 
and some highly interesting records of iheir labours 
extant, which afford a hvely picture of the interne 
terest which these discoveries had excited." It app 
that telescopes were made in Loudon in 1 fil() ; but, 
little was the art founded on any good principles, 
the observer furnished himself with a great nun 
out of which he had the chance of finding some w 

Among the earliest objects of attention, both t» 
lileo and Harriot, were the spots on the sun. Then 
considerable uncertainty as to the precise date of 
first observation of them, but little doubt exists 1 
Galileo's claim to priority; though he did not pull 
any account till lo'l3. The description uf his obee 
ations is contained in a letter written in May. l(il<<, 
which he speaks of having commenced these observal' 
eighteen months before ; but we canno: bi 
a discussion of the question. From the spots, 
deduced the rotation of the sun on his axis. 
observed by Kepler had by him been supposed to 
Mercury passing the sun's disk; be '■ 
"pinion immediately on learning Galileo's discovery. 
JSwpror. Rigj.mil Supplement to Budler'i Momotn. U\W,]t. 



Galileo's observations on tht moon gave mltiitional 
,0 the solar system, from tin.' entire confirmation 
icy afforded to the elfect-- of reflected light Been in 
.' lights and shadows on the moon's surface. The 
Lristotelians had determined that the moon was a per. 
:t body. Hence they loathed the doctrines of i.'jJili i>. 
o took delight, they said, in distorting and ruining 
b fairest works of nature. Lodovico delle Colonibe 
deavoured to reconcile the contending parties, hy sug- 
eating that the apparently bellow parts were tilled up 
with a pure transparent cryttal&lu medium. 

The apjiearaneo of a slight illumination in the dark 
t of the new moon (commonly called the old moon 
the new moon's lap), was explained by Galileo, aa it 
d been by Leonardo da Vinci and Mffistlin, to arise 
" cartti-xlii ii,:" This was another source of offence 
o the Aristotelians, who could not condeaeand to admit 
,t the earth could shine like a planet. Examining the 
s, he was at first disappointed at finding no 
H their sensible magnitude*; but mi equally 
d at the vast multiplication of their numbers. 
Ecting his telescope to the milky way, be discovered 
;al nature, as consisting of a multitude of small 
: and extended the same conclusion to other nebula. 
The planet Saturn nest engaged his attention : and 
ie describes in detail the perplexities in which lie was 
involved from the apparently anomalous figure of the 
uetimes single, sometimes Witt " '*"';/ mt 
f Irijili: He recorded this observation in 
n anagram, as also he did another telescopic discovery, 
thf ptafH of Venus. This was one of the most decided 
proofs of the (Jopernican system, and a fulfilment of 
Copernicuss prediction. " The supposed absenee at 
such phases had been urged by a distinguished Aris- 
totelian as a proof of the old system. Galileo also 
noticed the less conspicuous changes of phase in Mars. 
On receiving the appointment from the grand duke 
no, he resigned his chair at Padua ; which occa- 
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9 dialogues consist chiefly of illustration 
i author's various previous discoveries, and a 
ielopeiiiL-ni oi' the arguments deducible from them; 
a full discussion of the several objections 
illy brought against the t'opernican system, anil the 
s by which it is supported. The dispute is ear- 
in with infinite spirit between a Copcniican, an 
.ristotclian, ami a man of wit and acuteness, who is 
It, and whose province it ia to draw out 
j arguments of the other two. The tendency in 
ur of the Copenrican system is obvious, though all 
arguments on the other side are stated in the most 
brcible manner of which they are capable. 
The difficulties as to the solar system derived from 
e Aristotelian notion of the perfection of the celestial 
t are cleverly combated. The analogy of the 
it of Jupiter and his satellites is forcibly urged. 
The phases of those planets which are so situated as to 
exhibit them, and the transits of the inferior planets 
in, appearing as dark spots, are alleged as 
striking proofs that they shine by reflected light only. 
In particular, tile author comments largely on the vari- 
able stars of UiO-i and 1572, and on the spots on the 
entirely at variance with the unchangeable nature 
f the celestial bodies. 
The physical objections which had been urged hy the 
:s against the earth's motion were, as we have 
already seen, chiefly grounded on certain alleged dif- 
ficulties which it was asserted must follow from it: that 
;, dropped from a height, would fall far to the 
westward, from the rapidity with which the earth would 
move away from under it ; birds in Sight, in like man- 
ner, would he left behind ; and even the atmosphere, and 
indeed all detached bodies, would In; carried away. To 
these objections, the answers given before the time of 
Galileo were all grounded, more or less, on the same 
kind of metaphysical distinctions, by which it was at- 
tempted to be shown that these bodies are all parts of 
' b earth, and therefore partake in its motion. The 
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case of a ball dropped from the miB-ilal 
ship in motion, ami of a body thrown across the* 
were referred to; and it was contend 
manner, would fall behind. This was e 
Copernicans, because, as they said, tli 
not part of the ship. 

The true way of answering was not UM^ 
namely, by trying the experiment. The real b 
wquld have been, that the ball does fall precisely it'. 
foot of the mast ; and the body thrown 
the opposite point of the deck. In the case o 
dropped from a tower, there would, indeed, be 
preciable deviation, owing to the velocity of the m 
the tower being slightly greater than that of die siui 
of the earth ; iu the ratio of the height of the tower, 
the radius of the globe. But, abstracting from this, i 
body falls at the foot of the tower. Galileo also short 
that bodies thus in motion partake in the motion of ti 
mass to which they belong, not by virtue of any aid 
metaphysical principles as those referred to by tl 
Aristotelians, but from mechanical causes dependent 
on the communication of motion. 

The physical difficulties being disposed of, it 
only to compare tile respective systems in an at 
cal point of view. And here the advantage of the Co- 
pernican is palpable and immense. Its sin 
uniformity is admirably and convincingly contra 
with the complexity of the Ptolemaic hypothesis, 
the inconceivably dilticuli suppositions which the la 
involves ;is to the velocity with which the heavenly 
bodies must move. Indeed, the Ptolemaists I 
were constrained to admit the superiority of Copernicus 
in this respect : they held out, not on these grounds, 
but on the physical objections drawn from the Aris- 
totebau doctrine, and the decrees of the church. 

On the subject of the tides Galili 
suggests, indeed, a theory, but of a very unsatisfactory 
nature. The college of Jesuits at Coimbr.i 
have first given a hint of the real cause i ' 
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bosk on Meteors: where they 

is ' more probable thai the moon raises the 

shy some inherent powc i of impulsion, in the same 

a magnet moves iron, according to its ilif- 

-nt aspects," &0> The saint' idea was iii.iiiit.iint.-il by 

e Dominis. Indeed, though not followed op. yet in 

me parts of the Dialogues we rinil curious allusions 

J hints thrown out as to the existence of a principle 

i versa 1 gravitation. 

style in which the whole work is composed, is 
is justly rendered it. extremely popular ; and pro- 
>r 1'layfair observes, tliat " the Dialogues are written 
1 such singular felicity, that one reads them at the 
sent day, when the truths contained in them are 
jwn and admitted, with all the delight of novelty : and 
If earned back to the period when the tele- 
scope was first directed to the heavens, and when the 
irth's motion, with all its train of con sequences, was 
tl for the first time." • 
Though, as we have already remarked, the very form 
the Dialogues fairly exonerated Galileo from the 
targe of violating the letter of his promise to the In- 
sition, yet, with its characteristic jealousy, that tri- 
lal soon discovered that as the Cope mi can side of the 
■nment had the advantage, the author had violated the 
rit of his engagement ; or, even if he had not, yet 
1 laid himself open to a vehement suspicion of a de- 
which was the same thing. And such a 
lewcd attack upon the orthodox system, however co_ 
°j conducted, was not to he overlooked or forgiven. 
The dialogues came out at a juncture which might 
e appeared to offers peculiarly fair prospect of safety 
I impunity ti> ilie author : some of bis most powerful 
t; now dead, and his old friend Urban was 
But the inquisitors were bent upon his con- 
mnation ; and, unfortunately, there was a trifling cir- 
B which greatly aggravated the oS'ence: Urbnti 
jnably chose to imagine himself personally 



ridiculed in some parts of the dialogue, 
was the subjection under which ail men 
their spiritual tyrants, thai, powerful 
ill' liiilik-o, they were overawed, and could attempt 
more than to obtain some slight indulgences in tit 
ner of conducting the proceedings against Mm. 
pope had the courtesy legends private intimation of 
painful necessity he was under of subjecting 
Eoguea to the Inquisition: while the friendly ecci 
and even tile grand duke, could find no better mrj 
employing their influence than in prevailing upon 
lileo, as ! he safest course, to make all posai ble eubmisi 
Meanwhile, particular care was taken to exclude t 
tlic tribunal ail who were in the least degree acqoati 
with the subject of the book, or the opinions of 
culprit on which the charge of heresy was raised- 
Galileo, invited to Rome, was received with ei 
attention in the palace of Nicolini, the grand du 
ambassador, but was recommended to keep within do 
And when taken to the most holy office for the pun; 
of examination, he was not consigned to a dungeon, 
lodged in the apartments of one of its officers. 1 
secrets of the examination have never trans] : 
hints have been thrown out of, in least, the threat 
torture having been used. The result, however, l 
■i.hu'Vid of i:\lractiiig lium the prisoner the admin 
of being the author of the Dialogues, and a fret i 

tt declaration of willingness to submit i 
recant. 

\tur 11 time he was brought up to receive" his » 

ill make his abjuration (June 21. )633). 1 
i solemnly delivered its condemnation of 

ill opinions: extending to him, however, 
ttwrvtful pardon, upon his ahjuring his impious and ! 

■■■'.'!■>, and submitting himself, generally, to 

v of the church, and, in particular, to the 
v of imprisonment and 



in the puwer of the Inquisition, he 



te uttered the'compulsory abjuration, extorted & 

with the same degree of free chnici as the purse of 
traveller by the pistol uf tin- hi<diwityman. He 
re that (he motion of the earth is heretical, tad that 
ihjureil all heresy. Moreover, as he rose from his 
Eg lie is said to have whispered in the ear of u friend, 

i !i L- Ik 1 11 asked liy some writers, in discussing the 
Htire of this disgraceful and revolting transaction, 
it result the church could expect from an extorted 
l, and a compulsory abjuration, which might not be 
t binding ; and from a confession under fear of tor- 
re, which couhl be worth nothing. This, however, is 
mistake the nature and object of the tribunal and the 
fence. The Inquisition was not a court of justice to 
y heresy as a crime ; but rather a sort of spiritual 
loaril of health, whose office was to apply a salutary 
remedy, possibly ;i painful one, to stop the contagion of 
error, and, if possible, to restore the heretic to the pale 
of salvation. The object was not conviction, but sub- 
1 ; not truth, but profession : this being once 
obtained, by whatever means, the sole end was accom- 
plished. 

The inquisitors took unusual pains to publish Galileo's 
:antation all over Europe, thinking, no doubt, they 
;re administering a complete antidote to the Copernican 
heresy. Anil a friar denounced his opinions from the 
pulpit, with a miserable pun upon the text, "VuiQal&M, 
|uid statis in crelum suspicientes.'' 

Actual imprisonment was continued only four days; 
'hen the victim was remanded to Nicolinl'i residence! 
Itimately he was ordered to be confined at Sienna ; and 
lis was considered to be fulfilled by a residence in the 
palace of the archbishop Piccolomini, which, after a, 
few months, was allowed to be exchanged for his own 
villa at Arcetri. It is true, bis advanced age and 
increasing infirmities alone would almost have confined 
:o his bouse ; so that the sentence was little more 




i rf hi* nethod*, be deduced a re 

"r from the tmh. He etMen 

■ •ftheJ 

t fUfiag body by the tir; and im 

' "rf projectile*, tfeowing by distinct 

■7 "» —b'1, thM then path in > nam 

*• • f*rahoh. |n fa^ 

•** Wamtrtiiea, he tliitincily introduces the 

le <rf th* composition of forces, which he i 

f*H*t«M -UB.-.rt. —,■! forth. 
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experiment in the Dialogue? devised for the purpour 

forming one. With regard to the pump, lie certainly 

o have still held the theory of suction ; 

l is not only a very extraordinary circumstance in 

If, but the more so because he describes an experi- 

t by which he attempted to measure the weight at 

r as compared with water. 

In another part of the Dialogues we have some mA(H 
anticipations of the time in which light is transmitted ; 
an account of the vibrations of musical strings, and the 
. coincidence of their pulsations as occasioning harmony ; 
with a description of the original experiment, since so 
much enlarged upon, of the regular figures assumed by 
•and strewed on a plate made to vibrate. These subjects, 
together with that of the strength of beam*, comprise 
the principal materials of these Dialogues. 

After the completion of the " Dialogues on Motion," 
Galileo turned his thoughts again to the method of deter- 
mining the longitude by the eclipses of Jupiter's satellites, 
and became involved in a iliseussion of that and other 
•chemes, Morin, a French philosopher, had proposed, 
About 1636, a plan, which is, in fact, the same as the 
method of lunar distances. Galileo raised against it 
what were, indeed, insuperable objections at that period ; 
the practical impossibility of executing it with the neces- 
sary exactness, both from want of tables and instru. 
mental means. Galileo naturally preferred Ilia own 
method, the practical difficulties of which do uot seem 
to have struck him. 

The application of the pendulum to clocks has been 
asuhjeciof question, us to the priority of invention, be. 
tween Galileo ami Huyghens. We shall here onlyobserve, 
that Galileo neve* claimed ir ; mid, upon the whole, there 
does not appear to us any ground for depriving Huygheni 
of the credit of it.* 

Galileo was now suffering from the increasing infirm. 

s of age, as well as several severe attacks of illness : 

L, such was the inveterate rancour of his persecutor!. 



e flames by his own hand, as a pious sacrifiii.- beftn 
Hang himself to ihe life of* missionary. 
We cannot l>etter conclude our account of Galileo 
>i his discoveries, than by quoting the ahle nummary 
T his character ami labours given by professor Play- 

"One forms, however, a very imperfect idei of this 
osopher from considering the discoveries and inven- 
ts and splendid as they are, of which he 
s the undisputed author. It is by following bis rea- 
gs, and by pursuing the train of his thoughts, in 
u elegant, though somewhat diffuse, exposition of 
e become acquainted with the fertility of his 
h the sagacity, penetration, and compre- 
s of his mind. The service which he ren- 
te real knowledge is to be estimated, not only from 
c truths which he discovered, but from the error* 
r which he detected ; not merely from the sound priori- 
" s which he established, but from the pernicious idols 
h he overthrew. His acuteness was strongly dis- 
tt the address with which he exposed the errors 
s adversaries, and refuted their opinions, by com- 
c part of them with another, and proving their 
inconsistency. Of all the writers who have 
n an age which was yet only emerging from ig- 
:eand barbarism , Giililt u has most entirely the tone 
lb philosophy, and is most free from any contami- 
nation of the times in taste, sentiment, anil opinion.'' * 
By the writings of Copernicus, of Kepler, and Ga- 
, the solar system, and the subordinate series of 
is referring to the theory of motion, were so com- 
pletely established and unanswerably demonstrated, that 
nothing was wanting but time to allow the opinions of 
le gradually round to the truth. The deter- 
mined adherents of the old systems gradually disappeared 
the scene, anil the younger generation were open 
ifit by the light now afforded ; and, in a few years, 
o and Ptolemy had no followers. 
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The reception which the new philosophy i 
among the authorities of the church, is too re 
i point in this period of its history to be pat 
without 3 brief remark or two. 

It might, at first sight, appear, that a I 
fessing to stand on its own basis, could find liirlr I 
aflect it one way or another in the advance of experi- 
mental science; and, above all, a church like that of 
Rome, reposing on the claim to infallibility, it might k 
supposed would, of all others, be the last lo feel any 
alarm at researches utterly unconnected with the au- 
thority of that claim: but it must be borne i 
■hat the pretensions of the Romish church extended to 
the most unlimited authority over every thing. 
particular, the Aristotelian philosophy had long si 
been incorporated, as it were, into its system ; and 
speculations were so closely mixed up with the scho- 
lastic theology, even to its physical details ", that it 
constituted almost an integrant part of the creed of 
the church: any attempt to impugn it was, therefore, 
heresy. 

If we look at the actual treatment experienced by 
some of the principal advocates of the new discover 
there is a difference observable which, though a 
sight somewhat unaccountable, yet, upon a little a 
deration, may serve to give us a more instructive ins 
into the real nature of the case. Copernicus and I 
carinus taught the very same doctrines as Bruno, Kep 
and Galileo ; but the former were, as we have ■ 
received into the highest favour, while the li 
persecuted with unrelenting severity. Yet t 
not all eqnally guilty of heresy, and equally dang< 
enemies to religion ? Their doctrines were, indeed, 
same ; but we may have observed a considerable i 

loo Ledum, pp. ILiLirt. Oif. IBSJ. 
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ference in the manner ami drc inn stances of their pro. 

Copernicus cautiously kept his opinions, at first, within 
the circle of his personal Acquaintance, and afterwards 
allowed them silently to make their way among astro- 
nomers, without any public discussion or appeal to po- 
pular judgment ; and hia writings were too profound, 
wo dry and abstruse, to attract the notice of general 

Foscarinus manifested the most devout submission to 
the authority of the church ; and insinuated the Co- 
pemican theory, under the shelter of an attempt to re. 
concile it with the dogmas of the theologian. 

Galileo, on the other hand, as we have seen, could 
not refrain from plainly and publicly expounding the 
truths he hud discovered, and that, too, in the most 
popular form of illustration. He not only attacked the 
tenets of Aristotle in abstruse disputatious, but turned 
him into ridicule before crowded assemblies. His writ- 
ings were of a nature to be read by every one: com- 
posed in a lively and pleasing style, they display by 
rams all the depths of science, the charms of eloquence, 
and the keenness of satirical humour, and cannot fail to 
animate every reader ivitli a portion of the author's 

Bruno, without any attempt at concealment or con- 
ciliation, boldly upheld the truths of inductive science, 
and vehemently denounced the errors of the schools. 

Kepler even went out of his way to combat the po- 
sitions of the priests, on points unconnected with his 
discoveries ; though there can be no doubt that there 
were passages enough in his writings to ensure his con- 
demnation with them. 

Copernicus was hardly known for any other investi. 
gallons than those connected with the solar system. 
Galileo acquired a widely -extern led mil popular fame 
from the more tangible invention of the telescope, and 
the train of brilliant discoveries to which it gave rise; 
all this conferred a celebrity on his more abstruse spe- 




■:'■ li alone they might 1; 
and occasioned the more rapid promulgate 
knowledge at least of his di 

Hence we may, even upon s 
clearly perceive one ground of distint 
in ill..- one instance the heretical poison was 
but little diffuse:!, anil that in a comparatively neuwl- 
ised form, and only among those who wen 
from its bad efiects : in the other, i I 
infect the whole body of the people? ; and its Ml 
influence was enabled to spread through ;t!i 
cations of society. But it was the spirit a 
in which the subject was taken np, the keen 
ful sarcasms, the uncompromising appeal 
biassed judgment, the rejection of the trammels of au- 
thority, and on restrained boldness, wheiher in attact 
or defence, which mainly distinguished the obnoxiooi 

In truth, the maintenance of Aristotle's doctrine*: I'j 
the church simply as abstract tenets, was, after all. Inl' 
a point of secondary consideration. They ■' 
afford support to the scholastic system of the theologian*, 
but they had another more important pra 
their great value to the Romish hierarchy was, a 
iliaries to the spiritual tyranny they sought t 
The main beauty of Aristotle's [philosophy, in tti 
was, that it exhausted the whole subject of i 
treated, anil reduced it to a perfect system ; bo 
new discoveries could possibly add any tiling to il 

To accustom their disciples, then, to this 
philosophy, and to instil carefully into their n 
utter falsity of all other kinds, had, of eours 
vious and invaluable application in bringing t 
intellectual bondage ; destroying oven the inclim 
attempt new enquiries in any subject ; and habitu 
them to submit, without question, to a fixed a 
terable system. Hence tile extreme importance o 
pressing all infraction of this disciphm 
gnishing every disposition to freedom of thought. 
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I'liii;- ir WW ;i GOtaplfBtivdj liu'lit offence to propose 
•ity philoeophfoi] hypothesis in the way of abstract dis- 
:ufisioTi, especially jf done cautiously, am! with unlimited 
ptofendons of deference. But the un pardon a hi.- crime 
, to display an ojwn dieregard of authority, mid to 
e opinion* with a boldness am! confidence which 
>oth evinced and called forth the exercise of unfettered 
itlgment and free enquiry. It was not the Aii-.uiii hai. 
mas which they cared bo much to uphold, as the 
inciple of unenquirinu; submission to authority, ll 
l not the theory of the earth's motion which they 
' t to suppress, so much as the spirit of free dis- 
n. In a word, it signified hut little what a man's 
iews might be: if he only bowed down to authority, 
b orthodox ; if he dared to think for himself and 
it, he was a heretic. 
On these grounds ivi may most satisfactorily explain 
:he favourable treatment experienced by those who 
yielded to the ruling hierarchy, in their submisshe and 
conciliatory manner of introducing the obnoxious tenets, 
s contrasted with the bitter unrelenting cruelty with 
ich such men as Galileo were persecuted. In the 
s of the ministers of an intellectual and moral des- 
isiu, they were necessarily objects of perpetual sus- 
picion and hatred. In an establishment grounding its 
ascendency, not on reasonable convictions, but on ar- 
bitrary authority, and the prostration of reason, the 
doctrines of the school of Galileo must ever be regarded 
with aversion and dread. 

But persecution, instead of supporting the cause of 
the papal tyranny, no doubt tended to exasperate the 
hostility already excited against it, and to hasten its 
downfall. It in no degree tended to check the pro- 
is of knowledge, hut rather promoted its extension : 
ind the unshackled discussion of physical truth has 
regressed with accelerated rapidity. Men's eyes 
neen more and more opened to the real laws and 
- of nature ; and in proportion they have been 
jht to recognise fresh proofs of design in every 




pari, whilst the profession of Christianity his li 
no degree impaired. 

Thus, however, was the church arrayed in 
hostility against science, and thus ineffectual w 
hostility ; but, in other instances, we have no 
more pacific spirit, and attempts at an accommodatiw 

Foscarinus, we have seen, sought 1 
church to the solar system, by that species of ii 
glosseSj and casuistical commentaries on the e 
texts, which the Romish theologians knew so w 
to employ in other cases, and by which any 1 
sense might be put upon any passage. He at le 
ceeded in his attempt so far as to screen liimself fi 
persecution. 

Tile case of Tycho Brahe affords a remarkable and 
not un instructive contrast. He in like manner pursued 
the path of reconciliation between opposing 
But Tycho was a sincere and zealous Protestant; i 
in the extreme Protestantism of his day, he worshipped 
the very letter of every part of Scripture, as devotedly « 
the Romanist did the decrees of his church. Hencrbt 
was no less scandalised at the idea of the earth's mo- 
tion ; and we have seen the way in which he got rie! irf 
the difficulty. 

Thus the monk attempted to bend Scripture to fart, . 
and the Protestant to bend fact to Scripture ; but both 
attempts were equally futile. The orthodox exposition! 
of Foscarinus are unknown, and the pious theory of 
Tycho is exploded and forgotten ; the Copernican 
heresy has triumphed; yet the essential truths of Re- 
velation stand unimpeached and unimpeachable on the 
rock of their proper moral evidence ; whilst v 
theology has found, in this very system, the n 
ful of all its arguments. 

But still, are there not actual contradictions? 
how are we to get over them ? The words of Gal 
in his admirable letter to the Grand Duchess ol 
cany, give a reply to which, even at the present d 
can hardly add any thing more forcible : — "I 
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be says, " inclined to believe that [he intention of ihc 
■acred Scriptures is to give lo mankind the information 
necessary for their salvation ; anil which, IMpMing ill 
I human knowledge, can by no other means be accredited 
"* than by the mouth of the Holy Spirit. But I do not 
■ hold it necessary to believe that the same God who has 
* endowed us with senses, with speech, and intellect, in- 
tended that we should neglect the use of these, and 
seek by other means for knowledge which they are luffi- 

> procure us In the discussion of 

latural problems, we ought not to begin at the authority 
f texts of Scripture, but at sensible experiment! and 
ecessary demonstrations ; for, from the divine word, the 
■acred Scripture and nature did both alike proceed ; and 
I conceive that, concerning natural effects, that which 
either sensible experience sets before our ejea, or neces- 
sary demonstrations do prove unto us, aught not upon 
any account to be called into question, much less con- 
demned, upon the testimony of scriptural le\ts, which 
may under their words couch senses seemingly contrary 
thereto.'' 

a word, the object of Revelation is of a kind en- 
tirely distinct from the inculcation of science ; and the 
incitkutal parts of any honk must, in all common reason 
d fairness, be regarded in a totally different light from 
s em'tttiut points. 
But it will be said, no one now doubts the truth of 
e solar system ; nor is any one led to reject ltevela- 
m on the ground of its being at variance with It. 
Yet the fact ia, the very same difficulties and objec- 
e still alleged by many at the present day; not 
indeed with regard to the solar system, which they 
(very inconsistently) admit, but in reference to the 
discoveries in other parts of science, and especially 
n geology. We have, at the present day, zealots ani. 
mated by as bitter a spirit of persecution, though 
happily without the power of exercising it, as those of 
the Roman tribunal. We have also, " routato nomi- 
I Tycho and Foscarinus ; but we shall profit 
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Lysical knowledge. In the age of which we are now 
eating, when great changes had begun to operate on 
le characters of the different branches, and on the re- 
ition between them, we find the progress of each much 
lore closely dependent on that of the other. In propor- 
ion as the combination of mathematics with physical re- 
.earch was more generally recognised, the advances of 
lie latter created a necessity for some material im- 
provements in the former: and this necessity, once felt, 
was the most effectual means of calling forth the re- 
sources of mathematical genius, to supply those me- 
thods which the exigencies of physical investigation 
demanded. 

The discovery of Kepler's laws had exhibited a 
striking instance of the connection of phenomena by 
numerical relations; but the discovery had involved 
an amount of labour, in the mere work of calculation, 
almost beyond belief. If we look only at the successful 
theories of the author, the mass of figures through 
which he worked to establish them was incredible ; and 
these theories only presented some general laws, to 
which the increasing discoveries of astronomy soon 
added the necessity of numerous supplementary investi- 
gations, all alike requiring toilsome and extensive com- 
putations, not only to verify them in the first instance, 
but afterwards to turn them to practical account in the 
various applications which were to be fqunded upon 
them. 

With such quantities, for instance, as the sines and 
tangents of the tables, taken only to five or six places 
of decimals, so simple a calculation as merely finding a 
fourth proportional is extremely troublesome if it occur 
often ; and, for any long series of calculations, occasions 
a most intolerable sacrifice of labour and, what is more 
serious, of time; while the extraction of roots and 
more complex operations, often repeated, would soon 
become appalling to the most resolute calculator. In 
fact, with the methods in use about the beginning of 
the seventeenth century, the single circumst' ce of the 



necessarily have teriouslj impeded, if not 
stopped, the progress of astronomical and phtweil 
search, which, in other respects, was now begiiuiiu 
assume to promising an aspect. Tit us. some methoA 
■bridging ihe overwhelming toil of the computer' 
daily becoming of more imperious necessity ; am 
now find a remarkable example of the powers of 
ginal inventive genius arising to remove these diffi 
liea, anil to supply the so much desired instrument 
calculation, precisely at the period when it was 
needed. 

Napier. — Logarithms. 
Whether we choose to estimate the value of ii 
tinns by their practical utility, or by their refine 
of principle, we must in every sense esteem, as one 
the wry first importance, the invention of L 
by Napier of Merchiston. He was born of a 
family, in 1550; ami enjoyed all the advantages whi 
the best education attainable in those times could bate 
He appears early (o have turned his mind to aril 
mcticul and astronomical studies. He soon felt t 
increasing difficulties we have just mentioned, and * 
led to try various mechanical devices for abridging ibe 
processes. One of these is known by the name 
Napier's rods or bones (from the substance of whii 
they were made), which afford an ingenious mechanicd 
help in multiplication. He explained this met" 
a work called " Rabdologia," in l6l6; but, * 
the subject in all its bearings, lie soon perceived 
far higher mathematical principle, which afforded a m 
thod ns simple as powerful, and which he not only d 
cuiscd in theory, but reduced into a practical form. 

It has been said, that a hint at least of the \ 
may be found in tti>? writings of Archimedes: 
however, is only so far true aa that a remark of i 
philosopher exact res to suggest the main difficult 

which it was Napier'? iiardcular 1 



The firs! suggestion of the principle may !>e thus 
plained; — If we suppose a series of number* in 
(nwlri'-'i! irriyri'sxi/iR, any one tolerably eonversniit 
ith arithmetic will see that, if any two term* in 
eh a progression are multiplied together, the product 
ill also be a term in the same series, and will be 
und by inspection, if the series has in the first instance 
im carried far enough. And we can always cell at 
hat term it will be found : it will be that term " btW 
tmber, reckoning from the com men cement, is the 
•m of those of the two terms which are to be multi- 
ied. Thus, to find the product of the third and seventh 
rras, we have only lo take that number which forma 
e tenth in the series. It is also evident, that these 
umbers of the terms are also the iwlh-i; nf tin |.mvir; 
the common multiplier, which enter into each term 
spectively. This is the leading idea which may be 
ipposed suggested by a passage in Archimedes. 
Thus, if our computations always involved no other 
lumbers than such as are terms in a geometrical pro. 
ion, we should only have to add the indicu, and 
be led directly to the product ; or, conversely, lo 
act them, und find the term which is the quotient. 
), by doubling, tripling, &c. the indices, we 
d find their products indicating a term which 
would be respectively the square, cube, &c.of the original 
enn; and, conversely, we should have the squarCj cube, 
" c. roots. Tims far all was sufficiently clear and simple. 
But here arose the main difficulty: this would apply 
dy to a very few limited systems of numbers, and 
uld not be of any general practical utility. The 
and discovery of Napier, therefore, amounted to this: 
-that a geometrical progression may be found in which 
A. the natural ?i«mier» are terms. 
Of the methods by which lie arrived at this conclu. 
>n, or of the general principle on which such a series 
a be assigned, we cannot here say much; but we 
ay sufficiently illustrate it by an example. If we 
ippose a geometrical series whose first term is II) ami 
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my and geometry, in the hope, as he expressly 
i of giving some stimulus sunt encouragement to 
e studies, " at present so generally neglected in the 
■gity." His own lectures were published in 11)20, 
I comprise in elaborate commentary on Euclid. He 
t occupants of the chairs he had 
, Bainhridjie and Briggs. He died in ]()21. 
i been already mentioned as the friend of 
: and perfected his invention by calculating 
(wither system, better adapted to prac- 
in fact, as that since generally adapted, 
o published the first part of a work called " Tri- 
Britannica." He was one of the early 
in Graham college, founded about this pc- 
t merchant of that name in Lou- 
1 which, for nearly a century, continued to 
d by some of the first philosophers of the day ; 
t subsequently dwindled away into the formal 
'repetition of certain lectures, for which an audience is 
hardly ever collected. Briggs's " Arithmetica Loga- 
rithmic;!," published in KiSt, is reniarkable for con- 
'laining tie first announcement of the law by which the 
co-efficients are formed in tile involution of a binomial 
quantity to any integer power, which lias since been so 
much extended, and has acquired so much importance. 
The relation of these quantities, and a mode of form- 
ing them, hud, indeed, been partially shown by Stiphe- 
'" is and Cardan. 



The Philosophy of Bacon. 

The zeal and ability with which tialileo had carried 
n his experimental enquiries ; the boldness with which 
he exposed the deficiencies of the philosophy of the 
schools ; the confidence with which he had appealed to 
the evidence of experiment and observation ; and, above 
all, the brilliant success which had crowned his efforts, 
and the universal reputation which he had so deservedly 
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post of chancellor in lolS, with the 
Yerclsm. In the midst of his official < 
tinuei u cultivate philosiphj : which, oi 
fortune in 1(321, afforded him the higher 
while retirement give him leisure for bi 
fortiori those immortal works on which 
been established. He died in lfr26, of a 
the prosecution of a philosophical esperit 
Skit though he turned his attention to 



is of tiie- mode of investigation he *y ream* 

■ruling ; yet, these instances were not sfiaehi kind a« 
e*d to any striking physical discoveries. The Onto- 
■ ..ion in which he stands as a philosopher, 
even as the founder of inductive phUOMfl 
r to the comprehensiveness of his genius, which 
iced the whole range and cum pass of niMral tfift^ 
I die highest principles of almost every branch of 
ical enquiry, and traced out the method to be foL 
! in bringing them to perfection: he foresaw the 
ts which were afterwards lo l)e ohtnincd, "lid pointed 
ie process by which ihey would be arrived tt, Be 
eyed, as from an eminence, the rich and varied 
n which was to become the domain of philosophy, 
furnished a complete guide to the passes and roads 
i the incursion* of science were to be effected, 
subjugation of the territory to be ensured, 
hough most of the writings of this eminent man are 
valuable illustrations and suggestions powerfully 
g to the advancement of science, yet the work on 
h his fame chiefly rests, and by which his name 
mperishahly associated with the endurance of the 
"ve philosophy, is the " Novum Organon." The 
a adopted in imitation of that of Aristotle's great 
d system ; and as that treatise contained a system- 
ition of the various heaus to which syllo- 
ing was reducible, so the new " Organon" 
milliner designed to exhibit a similar lech- 
i, under which the various species of expe- 
il evidence might bearrauged. This philosophical 
n of the several heads of inductive argument 
d with the most profound skill; and, when 
jnsider the actual state of physical knowledge, our 
annot fail to be increased at the sagacity 
penetration which could foresee and discriminate 
particular classes of experimental facts which would 
■5 he the most available fur eliciting their points of 
ti agreement, and pursuing the process of general. 
To put the subject in such a form, was also 
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2d. The " idola apecui" (of the den) are those whack 

spring from the peculiar character of the individual. He 
conceives each individual having hit own dark cavern 
lto which the light is imperfectly ad miticd, 
e obscurity of which a tutelary idol lurks, ct 
wlioee shrine truth is often sacrificed. He licre re- 
marks, that one great distinction in the capacities of 
a derived from this, that some minds art best 
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y of peal 1 1 a 1 1 u ■-. . iH lin pr 
:h.)M! filing) only which are rare? 

neglect of things of every-day i 
r these introductory, yet highly important parti td 
b wort, the greal restorer of philosophy proceed* hi 
i: Miiiinl book tu describe and exemplify the nature of 
iut process of induction which he seeks to ctnHi.li M 
e only true way of investigating physical irulh. 

: first obJLCt is to prepare a lii/ttiiri) uf the pile- 

a to he explained, in all their [ no diri cations and 

es : lie justly enlarge* on the care, diligence, and 

Jity, wuh which this part of the work must be exe- 

It is in this comprehensive sense that he uses 

i natural history, both here and in other parts 

s writings. 

he next step is by a comparison of lhc i'illi-ri-iiL I'm-la 

a described and arranged, to find out what Bacon 

' form." This is nearly synonymous with what 

e should call the came of the phenomenon ; something 

s present where die particular quality exists ; and 

ely, wherever the quality is present, the form 

t be likewise. Thus, if transparency be the quality, 

e particular constilution of matter (which is 

if enquiry) which is tile form or cause of 

it quality. 

~n endeavouring to obtain the knowledge of " forms," 
(O subordinate points of enquiry of general 
which, in the language of the author, are 
" latens processus," ami the " latens schematisinm." 
e former is the secret and invisible process by which 
le changes are brought about, and seems to involve 
me principle as that since dt.-i^iiiitc-d /.'/<■■ fum «/' 
rmUiiiiiit'j ; according to which no change, however 
u lake place except in time. To know the re- 
1 between the lime, and the change effected in it, 
would be to have a perfect knowledge of the latent pro- 
In the firing of a cannon, lor example] the sue. 

n of events, in the short interval between the 
:alion of the match and the expulsion of the ball, 



constitutes a latent process of ■ v^rr complex lout f 4 
latent schematism is thai invisible structure uf kna* 
which so many of iheir properties depend ; as thtoM 
ture of crystals, &c; or that arrangement of [**B 
by which the peculiar constitution of matter in nnH 
to elasticity, magnetism, &c is determined. 

In pursuing the enquiry after the " forms" of jaM 
iiiiiiii'iui, the first step is to see what forms inust,ftaB 
the nature of the case, be excluded. This liminaM 
field of hypothesis, anil brings the enquiry tnttoM 
narrower compass. Thus, if we were L-n 
that quality which is the cause or form of tnnnl 
rency, we must at once exclude rarity or 
cause in the diamond we have an ins tan Ci 
Aratt body which is also transparent. i 
fMi importance in attending to negathv i 
ghat when pounded is not transparent. After ip*I 
r of exclusions have left hut a few princqs*! 
H id every case, one of these may be assurarfll 
d the validity of the assumption "in!. I 
m it hypothetically, to see whi 
in for all the phenomena. " To man," die »| 
nw «*«nw, " it is only given to proceed at fir* 1)1 
Mgrives, and in the last place to end in an affirm*! 
art« the exclusion of every thing else." He giro st 
aJmraUe exemplification of his method by taking nV 
srtfret of heat, and going through the process tenxD- 
MWahd. as far as the then state of knowledge wouM 
MR. 

1* the process of inductive enquiry thus pursued, it 
W*al not hut occur that some facts would be found of 
•MM* ■tore importance than others to the discovery of 
taW truth. Some of them show the thing sought fa Hi 
kaflMt. other* in its lowest degree : some exhibit il 
■»nti and uncombined ; in others it appears confused 
*'i ■ >«r>rtY of circumstances. Some facts are easily 
■mnnHj : trthers very obscure, and are understood 
«* .> m wwartaenee of lhe u B nt thrown upon them bj 
These differences led Bacon to distinguit) 
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t lie calls the " prerogative 

fnfin value of facts, as means of discovery of 
enumerates not less than twenty-seven 
] points of distinction, arising at length into the 
iliarities of each. We will exemplify their nature 
noticing- a few of the most remarkable. 

■' inBtantis solitariss" are examples either of 
same quality existing in two bodies which have 
fog else in common, or of a quality in which two 
ies differ, when in all others they are alike. In 
e the hypotheses as to the form or cause are 
ted : in the first case they can involve none of those 
"n which the bodies differ ; in the second, none 
hose in which (hey agree, 
" n gives an exemplification of the first of these 
iaes, which is somewhat remarkable. Of the cause, 
brm of colour, he says, instantirE mlitaria occur ill 
als, prisms of glass, and drops of dew, which 
tonally exhibit colour, and yet have nothing in 
non with the stones, flowers, and metals, which 
:ss colour permanently, except the colour itself, 
nee he concludes that colour is nothing else than 
modification of the rays of light, produced, in the 
se, by the different degrees of incidence ; and in 
second, by the texture or constitution of the sur. 
i of bodies : a remarkable anticipation of what 
ton was soon to establish experimentally. 
The instanlia radii are cases measured by lines and 
ngles; the instants curriculi by time. 

Under the former head Bacon makes some remarks, 
are singular for the extent of view they discover, 
n the infancy of ; hysical i 
forces by which Lodies act on one another a 
ce, and throws out some hints c 
lich the heavenly bodies exert on one another. " It 
enquired," says he, " whether there be any 
rgnetic force which acts mutually between the globe 
d heavy bodies, or between the moon snd the sea, or 
" e starry heaven and the planets, by which 




caM and rataed w. their 



Under the irtond head, after 
rkin-t and motion requires 
foflowiog remarkable ■nlir'juriiwi of 

ii of those thing* 
raiirt nil, 
e and sum heavens he s 
really eiisn , or not till some tjtn* 
there be not. with respect to tilt 
true time and an apparent time, 
place and an apparent place, a 
count of parallax. ~ 

ir raj* of the celestial bodies, ca 
interval between them and u 
or that they do not even require » 

The actual 
velocity of" light since effected, anil the t 
consequences deducible from it, i 

i this passage, and the highest t 

ostensivue," which be ■ 
" predoininantes," are 
some particular quality is shown in it 
power and energy. In them 
freed from the impediments which ordinarily it 
counteract it, or predominates over others by a 
is commonly confined or disguised. Bacon i 
the thermometer, or \itruin calendare, as i 
(then newly discovered), as exhibiting i 
power of heat in a magnified degree. V 
ewplify it, perhaps, more perfectly in th 
experiment, by which the actual pressuj 
muspbere is rendered manifest, though c 
d by its pressure in all directions, 
muse dandestuue," also called 
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Lnisculi," are the reverse of the hit They exhibit 
mo power in the faintest stage of il 
jang capillary attraction to the extn 

i tea (o be capillary. 

1 Inetantis manipulates," or those which we call 

aHeciive instances, or general facts, ore the most im- 

tant, perhaps, of any ; such collective instances often 

litStntlng tliu utmost extent to which our generahaa- 

n be carried. Of this we have an instance in 

e of the moat important steps ever taken in any part 

r human knowledge, the laws of Kepler. From a 

mparison of a number of observations, the form and 

nitmk- of i.l nr in I., I (>r a planet is cuiL/eied ; in like 

i periodic time in that orbit. This for each 

collective fact. Comparing the same resulta 

ir all the planets, we have a more comprehensive col. 

lective fact; and the law of Kepler, which connecta 

their periodic times and mean distances, is thus a cot- 

e fact of a still higher order. 

'Analogous, or parallel instances, are particularly no- 

d by Bacon as often of the greatest use in guiding 

livestigation of truth. Again, monndin, or 

ular facts, are important to he noted as differing, in 

: remarkable particular, from the class to which 

they belong ; as the sun among stars, Saturn among the 

'units, meteoric stones, &c. Inxltmtiie romilalSn are 

one property is invariably accompanied by 

mother, as flame and heat, heat and expansion, solidity 

ind weight. 

But, perhaps, the most essential, as ministering to the 
lupport of all the others, are what Bacon calls the in- 
tein. When two or more causes suggest 
themselves, each of which may, as far as yet appears, 
account equally well for the phenomenon, some new cir- 
«ice[ is found in the case, which can be explained 
by the one and not by the other cause : this determines 
the question at once, and performs the office of a guide 
,t the separation of two roads ; whence the name. 
, indeed, ia, perhaps, the most familiarly known of 
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■ cu be little doubt that in the snjgfc, ten 
— -™ limited object of experiiiMait, n- 
onrer in the close of science fro ■ 

I j worked oat his remit. and man » ma 
] only bj their intuitive common ; 
any reference whatever to rules or 
ft wt have e Qutn crated ; and so, in lid 

■— t iTJaa enquirers on other subjects reason 

■M (Ttl pio ion Hilly, who, perhaps, are total]* i 
«hh< with the systems of logic and metapbyi 
)•*■-. ^tnk ">d write correctly, powerfully, and , 
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sntly, who have never studied systems of rhetoric ; 
all this does not in the least disparage the abstract 
iphic excellence of such systems respectively, 
hese systems present a view of the theory of those 
inciples into which the real results may be analysed, 
d from which they might synthetically be traced. 
he value of such systems is of a higher and more phi- 
Bophieid kind ; and though it may he true that many 
ive succeeded in arriving at their conclusions without 
eh aid, yet it by no means follows that all can dis- 
>nse with it, nur that even these persons might not 
Lve succeeded more completely and more easily if they 
id been in possession of some setded principles on 
In i'h In proceed. 

Again, it must be borne in mind that all the sys- 
matic enumeration of Bacon was made purely from 
leory and by anticipation. He was bound to consider 
id examine every possible avenue to philosophic truth, 
i scrutinise every conceivable channel through which 
ivestigadon might be conducted; and it might well 
appen that some of these should afterwards be found 
radically of far more importance, and far more fre- 
uent use than others : that, in point of fact, indue, 
ve science should mainly proceed by means of some 
:w of the principles here developed, whilst the occur, 
nice of others should hardly be recognised. 

We have a remarkable instance of this in the " in- 
lands radii." Bacon appears to attach no more 
uportance to this class of facts than to any others ; 
ut yet in modern research it has come to pass that 
early every subject of enquiry, which can claim to 
elong to the exact sciences, has been brought under 
he dominion of measurement, and subjected to the 
est of numerical a g ree men t with mathematical laws, 
iomething to die same purpose we have already re- 
aarked of the " instsntiie cruris." This is, in fact, in 
eal practice, the sort of experiment most frequently 
ppealed to, and that from which the most satisfactory 
is derived. Again, it not uufrequently hap. 
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narrow track, thai, in fact, a large parti 
is .irrjuiy done to our hands, and thy b 
Hn K lo a number of different considei 
■ mental labours, superfluous. 
These, and other considerations of a 51 
(end W show the real value and efficacy o: 
as that which Bacon has developed ; a., 
anyone, dial, although, the study of 'ft 1... 
absolute necessity to every prosecutor of e 
vet it will in all cases be accompanied with hud 
advantages: and we cannot doubt, if j| 1 
nerally and attentively dwelt upon, we si 
records of science much less frequently . 
onphilosophical arguments, and should m 

ritly witness the labours of ingenious en 
wn away in the pursuit of unakiil 
theories. 

It is undoubtedly true, that we find the 
inductive philosophy not only acted upon , : 
pressed, by writers prior to Bacon. M 
mm ibis exemplified in the production- 
GiMco : and Tycho Brahe, in a letter to 
Mm rids advice: — " first to lay a solid fa 
nil news by actual observation: and th. 
(Ml these, to strive to reach the causi 

aat. in his treatise " De Magnete," has laid to 
jrilly tin: inductive principles by which he' 
|,is cN|H-riments. We have also in soid« p 
ir writings of Leonardo da Vinci 1 ■ 
ae same purport. 
< liny particular subject," he 
itrsiof all make some experiments, 
n I'er to experiment, and 
k bodies are constrained to 

" e methoi we ought to fblM || 
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"id endeavour by its meana 
pies. 



st begin by experiment, 

J discover general prin- 



Ag>h)> — "Theory is the general : experiments are the 
. The interpreter of the works of nature is ex. 
it: that is never wrong. It ia our judgment 
e sometimes deceived, because we are expecting 
which experiment refuses to give. We must 
experiment, and vary the circumatancea, till we 
■ducctl general rules, for it alone can furnish ui 
em. But you will ask, What is the use of these 
rules? I answer, that they direct us in our en- 
into nature and the operations of art. They keep 
n deceiving ourselves and others by promising 
ilvea results which we can never obtain." • 

have been led to refer to these views more par- 
tly, because some modern writers of considerable 
ce have been rather disposed to undervalue the 
er of Bacon's writings, and to deny their exten- 
benetkial influence on the researches of subse- 
t philosophers. It has been alleged that Galileo, 
icus, and even Kepler, had exhibited perfect ex- 
of the inductive method of philosophising, and 
Leonardo da Vinci, in the passages just quoted, as 
as Galileo and some other authors of that period, 
, in fact, in such expressions delivered a brief but 
iplete summary of all the essentials of the inductive 
the alchemista of that day, absurd and 
onary as were the objects of their pursuit, yet, it 
d, in the indefatigable toils of their laboratories, 
. showed that they considered the whole value of 
lience to rest upon experiments. Kepler, in the 
of His reveries, submitted ihem most scrupulously 
test of accordance with observation, and unheaj- 
i sacrificed the labours of years if the results did 
t stand the test. Thus, it is said, those philo- 
; had all thrown off the yoke of the schools, and 

ulaOuvnindtltdi Vinci, p. M 
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r • experiments cruris ;" should refute 

a, without formally classifying rhem as " idol* 

," or '' idols fori ; " would this be any argument 

that those systematic distinctions were unknown 

, or that the philosophical arrangement of thorn. 

ng to their characteristic differences, was an idle, 

, or chimerical speculation ? 

conceive, upon the whole, we hardly need urge 

to vindicate the exalted rank to which Bacon is 

ed among the philosophres. not only of his own, 

' any age. He was, doubtless, dtrieii'iit in mathe- 

knowledge, and he did not, himself, push his 

to the discovery of any actual physical laws. 

;, perhaps, shine with so much lustre among 

[temporaries, hs he does to posterity. We walk 

irly on the surface of the earth without perceiving 

;ht it reflects, but to the distant lunarians It is a 

luminary. The immediate value of the dis- 

of Galileo was more striking. Bacon wrote for 

me. And it may be safely affirmed, that, 

could name Severn! philosophers who. placed 

e circumstances as Galileo, might have made 

discoveries, yet we cannot say this of Bacon ; 

find substitutes for the one, but not for the 

Galileo was the immediate minister of science, 

enlightened his own times : Bacon was 

ihet, whose credit was not established till his 

verified. Galileo entered and took pos- 

of the vast regions which science was henceforth 

Bacon, from his lofty elevation, took 

lete survey of the rich territory of the promised 

, but expired, like Moses on Mount Nebo, without 

mM entering it. In a word, we must entirely agree 

i D'Alembert, that, " when one considers the sound 

enlarged views of this great man, the multitude of 

?cta to which his mind was turned, and the bold- 

his style, which unites the most sublime iinsgea 

i most rigorous precision, one is disposed to regard 
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hntA, itrrx u e 4a '»w prt *f the «KLMWt) 

jlrmlrta; of Ae i miirwu A centuries, brougal 

■nalyaii w » aaae rf ***T considerable ptrfi 

way iu t&o f i -TLii for the brilliant 

i In reference tn de jppCcadun of thi* u 

i'try, which conidtn* the peculiar cbtracl 

modern geometry," and confer upon i 

■■>-, and apathies to which the I 

.■«UI not attain. Such application* hi 

• few instances (as we hare noticed) b; 

Hut the grand advance, to which i 

aM dftcted by Des Cartes, and whkl 

h mmM important epochs in the buiutt 

i*u» yluKwphrr. celebrated ii 

o early age displayed great proficiency in 
udMM both of literature and science-. AtV 
'.:.h the usual course in the Jesuits' collegi 
he, he entered upon the military professio 
ii after, visited various parts of Europe. Tin 
ulity of Ilia genius showed itself in the variety 
' nit iludies he pursued, embracing almos 
artment of science, metaphysical as well a* 
ileal. He died in 1650. It was in Holland, i 
that he first published bis Geometry, in which ti 
inventions abovr referred to are contained. Td 
i» a tract of no more than lOfi quarto pages : b 
i», probably, no production of the same size whi 
■ much ami so just celebrity on its a- 
In ilir first book, he treats of such geometri 
i be resolved by the help c " 
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tight lines, showing the application of algebra to such 

' ins. He then proceeds to the mote immediate 

t of his researches, in which the powers of the 

n analysis are bo conspicuously displayed. We 

1 endeavour briefly to explain it. 

*™ have, in a former lection, mentioned the problem 

" locus ad quatuor rectos," proposed and par- 

r discussed by Apotlonius and Pappus. To this, 

~ ides, in the first instance, turned his attention, 

>n effected a complete algebraic solution of it. The 

sutture of the problem may be thus staled in a general 

"way : — Four lines are given in position; and it is required 

"d determine a point such, that if from it perpendiculars 

e drawn to the four lines, a certain complex combin- 

n of the rectangles or products of the perpendiculars 

II be of a constant magnitude. The given lines may, in 

:, be more than four, and the other lines may be in- 

it any given angles. It is, of course, impossible 

a more exact idea of the case without entering 

i algebraic details; it must suffice to say that Des 

adily showed that the problem is indeterminate ; 

l infinite number of points fulfil the condition; 

se, being laid down and connected together, form 

t, which he found to be always one of the curves 

: sections when the prescribed combinations 

e quantities are products of only two factors, or, in 

^ language of algebra, rise only to 'two tft nutation*. 

n these are of higher dimensions, corresponding 

s of different kinds result: when of only one di- 

ion, the locus is a straight line. The problem, at 

tally proposed, is involved in much greater com- 

xity than is at all necessary for the purpose of this 

And one of the main improvements consisted 

ing, as the fundamental lines to which the whole 

uction is referred, only two lines, inclined at any 

angle. These are called the axe*; and upon 

or upon lines respectively parallel to them, are 

lured the corresponding values of the variables, in 

■ indeterminate equation, when solved for one in 
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i f; ' * £x*d «.:. i ir.virfible rcli:::r. -a-l:;! ;;z. 

tha: reiario:. ti.vS.ii re^-air. :he fare : 
the course of the :ir.e iractrd ou:« ihe a. 
such relation wculd co.-.str.uie the •■j-Lcri' 
IVe have before observed, that ihe bus:: 
mtitr is first br his dentition to frame so 
of a geometrical figure, and then by dei 
duction from the conditions of such < 
establish its various properties. The 
lines of which geometry takes cognisanc 
result from such particular mode of co 
stances of which we hare already noticed 

m 

constructions their properties are deduced. 
geometers investigated many such curt 
were all defined upon perfectly indepen 
turns, and had no principle of any con 



Now, by the method of Des Canes, the sub 
neralised: — "Perceiving (he importance anil powex 
tin.' prijwipli' which he used in [lie solutinN 
nblcui of the locus), " he immediately eono 
tion of founding upon it the whole geometry of curve 
les. By this felicitous application of equation! of 
o unknown quantities, the science of geometry wns 
terly revolutionised. Every curve described by a 
mn law, being impressed by an cqmiliiiii lu-twivii two 
riables deducible from that law, was thus brought 
der the dominion of algebra. This equation incind- 
g the essence of the curve, its various properties 

■well from it The immediate const. 

this memorable discovery was, that geumt : 
ersprang the narrow limits whh/li bad cirounueribed 
for ages, and took a range, the extent of which k 
infinite. Instead of a few simple and parti- 
curvL-s, which had hitherto constituted the only 
jects of the science, the geometer discussed the pro. 
rties of whole classes of curves, distiugui shed and 
ranged according to the degrees of the equations wllich 
Jttnenl them. The variety of curves thus became as 
finite as that of equations."* 

The construction of a curve corresponding to any 
ven equation is thus easy to be conceived. Its general 
rm would, of course, thus be traced out. But it does 
t immediately appear how its various properties are 
Jucible from its equation. The investigations of Den 
rtcs. however, extended in some measure to this part 
the subject also. The properties of curves may he 
d to depend mainly upon the positions assumed by 
ise straight lines which ate the tanyentx In them at 
y points. The determination of these positions, or 
: solotion of the problem, '* to draw a tan : 
rve," forms the basis of all such speculations. In par. 
cular individual cases, this had been done by the 
geometers, 
the ancient geometers bad felt cei 



that if we nsniit ■ Krmnt, or «n 
t ig I*o poina, to move para] 
i poaiboci where llw twi 

roaeh nearer wgetl 
> an« : this position is th 

me* a UnftKt. In 
tik*. NHto found m ic an in. 
assigning the position of the straig 
•ball bare this one point in common 
that om *alu* of the ordinate shall 1 
■fftpatioea both of the curve and the 
siderabtr complexity im involved ; 
Carte* ontainlv rMnpb**«tI his sj-sten 
yet his tnetbotl of tangents is tedious i 
pared with others since discovered, 
this method, and the discussion of 
curves, called the ovals of Dei Cart 



I at nan* mi ._-.-.- ..-_- m im ec ft 
ii.il of tfatir ii 
i greet decree p*ie if. ' 
Keeanhefcnt, they toe rf eesetial vafau to the jm- 
pew of far tin j, w ftwfaWwg die tests br < 
: g»enl pri a rip fc t of ■ 



We hire before ttadcei the idrii it g made bjr I 
in ilui put of the •benee of qcanutr nhidt <* 
upon the exceosfca of the ancient nwtbmi of 
Galileo, in ■ tut curious puBtge in the " l';*: 
Motion,'' introduces ■ ducmnon in vhich similar p 



s are in vol red ; am 
interpreted as a s 
ime and ultimate r 
■ 

} wutbr friend and 
i'iplu of GtHk ■. 

In his band* iii>.- Sqbj ' took • mow n-guUr 
I systematic form , tuiil he developed • method by 
bich problems invoking exhaustion* might be solved 
' h greater brevity ami faciUtv. in a work on " Indi- 
";s,'' published in 1635. 

v principle on which lie sought to avoid tile rmb*T- 

enta of the ancient methods, was bj 

eology of areas made up of an infinite number of 

allel lines ; solids, of an infinite number of planet; 

net themselves, of on infinite number of 

Thus, vthen these series of planes or lines re. 

tctively were arranged according to a determinate law, 

d such that their sums could be assigned, the « 

e solids and areas of the curves were then fonnd- 

;• fkmtnhgg was, of course, absolutely at variance 

h the firs tdefi unions of geometry; but, a we observed 

■ponding ease, the question should rather 

s there involved any n liw till H III IMJon or conlmdic— 

n the thing* tignified? It «u, in fact, a way of " 

ig, undoubtedly incorrect, but introduced as i 

t mode of avoiding circumlocution and pro- 

Tlic lines and planes are the Umitt of the 

Jogntms and parallelepipeds, which, when of 

: magnitude, put together in a diminishing si 

•a whose outline ascends as it wen in itrpt. 
e limili of such figures are those whose boundar 
e continuous lines, straight or curved according to 
circumstances. Cavallcri conducted lii^r.i- 
compendious manner by the adoption of this f 
■node of speaking: but it was in substance 
limits; and might have all ■long 
verified by, the method of exhaustions. 
o doubt that lie himself took the exaci ■ 



tory view of the subject ; for, in the b 
seTenth book, he expressly says (in i 
objections which might be brought against the i| 
looseness of his reasoning), — "There is n 
suppose the continuous quantities made up of I 
indivisible parts, but only that they will obsi 
same ratios as those parts do." Nevertheless, * 
method of indivisibles exposed him to many itudvl 
but the essential principle was ingeniously t 
and defended by l'sscal. 

Cavalieri pursued his method into many valuable"! 
tionsandresuks, especially as regards the areas of sp' 
triangles, and deduced some important theorems; 
so great was the impulse now beginning ti 
the mathematical sciences, that many geometers iu at 
countries were pursuing the same track. ~" 
several instances, laid claim to the same ii 
which, probably, they had really arrived at independa 
and simultaneously. 

Galileo had, before this time, invented the cycloid.* I 
curve traced out by a point in the circumference of i 
wheel as it rolls along a straight track. 
Galileo mentions to his friend Toricelli that he bin ' 
thought of it forty years before that tit: 
various effort* to determine its area, but wanted lint 
geometrical skill which was necessary for the discovery. 
It also baffled the attempts of Cavalieri ; hut shortly 
afterwards, solutions were given both by Toricelli, awl 
by Roberval, a French mathematician of great originate 
and invention ; each claiming it as his own di 
The area is three times that of the generating c 
rolling wheel. A controversy arose on the que 
priority ; but it is most probable that each arrived it d 
result independently. 

Roberval improved upon the method of quadrature 
proposed by Cavalieri; a research in which he was followed 
by Dr. Wallis. Fermat applied analogous methoil 
finding the maxima and minima of the ordinate! 
curve ; as also their tangents ; and investigation! c 
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e kind were pursued, with bit usual ability, by Df. 

Kobcrval devised a method of drawing tangents to 

l, grounded on geometrical principles, but applica- 

o those cases only in which the curve ia constructed 

m of two lines which go on increasing 

a given ratio to each other. The essential principle 

' 1 such cases, the increments of die two lines 

ing completed into a parallelogram, iu diagonal will 

e the tangent. But this can only be established by an 

application of the principle of limits. 

Barrow originated the idea of what has been called 
' the incremental triangle, and is, perhaps, the best adapted 
O the purposes of general illustration. The notion that 
a portion of a curve may be taken, so small that it may 
without error be considered as a straight line, is one 
which the mind readily admits : it is, nevertheleas, 
utterly untrue, anil contradictory to the first principles of 
eometry. It is one of those instances of which we 
e already noticed Eome, where language absolutely 
contradictory in terms may yet be conventionally em- 
Joyed to avoid circumlocution. The idea really at 
' ; basis of such expressions is that a straight line is 
: limit to which a portion of a curve continually 
nished approaches. But, adopting the incorrect 
but more convenient phraseology, the small increment 
of the curve, and the corresponding increments of the 
abscissa and ordinate, form a small triangle. If, from 
the relation of the two latter, we express that of their 
infinitely small increments, we have, upon the principles 
of plane trigonometry, the position of the hypothenuse, 
or the direction of the tangent to the curve. Nearly the 
game view of the subject was taken by Fermat. 

John Wallia was one of the most eminent mathema- 
ticians of the period of which we arc treating, and made 
important advances towards the solution of those g 
problems to which the attention of geometer! 

) powerfully drawn. But a limit seemed yet ti 
placed to the success of tbeir efforts, which it J 
ia of Newton to pass. 



y of Cambridge, Wolfe m 
planted to Oxford, by an appointment to die 
professorship of geometry, in 1 64*}. In oae a 
ten referring to that period, i 
interesting illustration of tlie state of ma-thematic 
ledge in the former university which has since s> 

redeemed its credit in this respect. ■ 

Were not at that time (with us) looked i 

mieal learning and of more t 

died students at that time in our college, I Jo a 
of any two who had more mathematics ' I"" n 
which was but very little, having never : 
serious study (otherwise than as a pleasant dive 
tilt some little time before I was designed for a 
of it." 

Thus unfurnished at the outset, the powers of H 
genius will appear the more conspicuous when * 
sider the rapid progress he made in tnatliemat 
mite, whilst at the same time hi 
distinguished fur his attainments in various b 
literature, philosophy, and theology. Besides ■ ni 
of controversial work?, the " Commerciutn Epismlic 
contains the best evidence of the zeal and abtUl 
which he entered upon the important and then d 
enquiries relative to the rectification and quadrat 
curves, and other topics connected with these. 
edition of " Archimedes de Arenario/' See. h 
critical acuteness ; while his " Essay on the T 
his "Mechaniea,"' exhibit those dynamical enquirii 
the highest state of development which they I 
yet attained. The "Mathesis Universalis"* cnmpr" 
elaborate treatises cm algebra and the ; 
infinite*; and the early vulumes of IT 
Transactions are enriched by many t-ummuT 
him. He died in 1701 

It is in his "Arithmetic of Infinites" 
displayed to the greatest advantage his pi 
invention. lie here avails himself of 1 
already admitted to l 




rolved in ihem to become it 

I. in Lis i pi vcsii gallon* we may net ike prwa «*" 

Ecb, 'trv soon after, is iW haw4t«f* 

ion, received an expansion lining thro for thv fmt- 

« of- analysing the most ccnaplrx !»»• 1/ pferneai 

lomena. But the principle* '■hirli H'afl» dad 

opted, were not yet so far developed a* ta W asdtt. 

id in the full extent 

.' really possessed. 

sue the subject of quadrature 1 

neral grounds than any of hi* pi 

have seen, geometers hail » 

finite terms the ■■ 

r curve lines, only it 

Des Cartes had generalised the mode of caa- 

:':>.■ construction of all ennrj; and it benee 

dial by certain algebraical pooin. thoK 

■plications of the method of limiti which had ben 

vised by Kepler and CanHcxi for expreninc the tnm, 

ight he extended in a manner equally general, by vir- 

e of the relation subsisting between the iWna aad 

ordinate,— the tiro variables, which enter De» Carta 

equation. 

vTalUg found, that in all cases where the value of one 
of these could be expressed in terms of the other, without 
involving fractional or negative indices, he ■ 
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wide field open before him, and in thu 
research he perceived that many geometrical 

great value and utility were to be . 
quadrature of the circle, and of many other cu 
together with an incalculable variety of application 
such results bearing upon a number of points of physi 
enquiry, were all inviting research, promising a' r 
harvest of further discoveries, and stimulating Hit 
tempts of the enquirer with the prosp 
tali ty of fame. 

It occurred to him, that if the equations of [hi B* 
which he had squared were ranged in a regular 
from the simpler to the more complex, their 
would constitute another corresponding aeries, ihc 
of which were all known. He further remarked, li" 
in the first of these series, the equation lo the an 
might be introduced, and would occupy the mii 
place between the first and second terms of [he MM 
or between the equation of a straight line, and tbit 
the parabola. He concluded, therefore, that if it ' 
second series he could interpolate a term in the mi 
between its first and second terms, this term : 
necessarily be no other than the area of the circle. 
when he proceeded to pursue this very refined 
philosophical idea, he was not so fortunate ; and 
attempt towards the requisite interpolation, though 
did not entirely fail, and made known a curious 
perty of the area of the circle, did not lead to an i 
finite quadrature of that curve- 
In these researches Wallis was closely at 
with sir C. Wren, who in his early youth had evini 
high mathematical talents; he gave a rectification 
the cycloid and several other mathemettcal invesligatio 
which Willis published in his treatise on the cyela 
He devoted himself much to astronomy, and becai 
professor of that science at Oxford in lfa'70, as well 
1 largely into 



tcly his tnJg 




nlficent architectural labour* withdrew 
n the pursuits of abstract science. 



The Cartesian S,t>l,-» 



Des Cartes, having brought geometry under the do- 
ninion of a comprehensive principle, stems to have 
een misled into the splendid but visionary notion, that 
the system of the world and the philosophy of mecha- 
nics might, in like manner, be established upon a theory 

g out of a few first assumed axioms. These, ac- 
cording to his view, were to be found in certain meta- 
physical ideas of the Deity and his attributes; from 
these be affected to reason downwards, and to deduce the 
laws of nature : to show why things are constituted as 
they are, and to explain the causes of material pheno- 

■ In this way he pretended that, by a long train, 
of consequences, he could always determine, at last, 
what ought to be the laws and modifications to which 
material agents would be subjected ; and reason from 
the first cause to secondary causes, and from secondary 
causes to their visible effects. At the same time {though, 
it would seem, with some inconsistency) he did not 
wholly reject experiment and induction ; and he 
seems to be tacitly admitting the fundamental deficiency 
of his whole system when he says, that the number of 
different shapes, which effects might assume, is so great, 
that he could not determine without experiment which 
of them nature had preferred to the rest. " We em- 
ploy experiment, not as a reason by which any thing is 
proved ; for we wish to deduce effects from their causes, 
and not, conversely, causes from their effects. We ap- 
peal to esperience only, that out of innumerable effects, 
which may be produced from the same cause, we may 
direct our attention to one rather than another." 

In the use, however, which he did make of induction, 
Des Cartes appears to have acknowledged the truth of 
Bacon's principles. Me was certyjjjh bat little disposed 
to ncogtlise the claims of any {MtfU£ philosophers; 




little cf the influence of Baton's _ 
of Det Cww, howeTtr he might ( 
truth, and follow their guidance, wbra 1 
acend to any experimental enquiry : thi 
seen, be only resorted 10 «• i subordinate 
Biting his theories ; and iv was very sejduni thai h 
thought it necessary to hare recourse to it. 
The preliminary positions on which his 

tested, led him extensively into mechanical s^ 

He laid down as an original view the estimate of ft 
by the momenta, which is no other than that 1 
proposed by Galileo. He also introduced into I 



LNO MATHEMATICAL SCIENCES. 227 

the inertia of matter, regarded as a 
active power, anil not merely n passive indifference 
With respect ti> curvilinear motion, 
pointed out distinctly the necessity of supposing a 
•ling force, which being removed, the motion would 
rectilinear and in the direction of the tangent. He 
down as a general principle, that there is alwaya 
ne quantity of motion in the universe, which, it 
-would seem, is the clue to his notions of inertia, &c. 
just mentioned. He appears to have regarded motion 
as a sort of quality superinduced upon matter, but 
■which might, in some cases, be, as it were, latent. All 
" "i arose out of the theoretical principle of the perma- 
i«e of such qualities ; and this he deduced from the 
nutabdity of the divine attributes. The inherent 
:y of such reasoning must be sufficiently apparent ; 
nd me shall not be surprised to find that though, in 
sveral cases, he has brought out true results, yet, in 
thers, as in the whole theory of the collision of bodies, 
e has run into palpable errors. 

This last subject, indeed, i9 one which long remained 
ithout a completely satisfactory investigation. Such 
tvestigations were first given by Dr. Wallis and Sir C. 
Fran, nearly at the same time, in lfltiS ; and, also inde. 
■endciitl}' of these, by Huygheus in l6fjy. They each 
ounded their reasonings on the principle, then first 
ully developed, that action and reaction are equal and 
l opposite directions. 

In 1633, Des Cartes hail completed his " System of 
le World," having previously broached the metaphy. 
ical doctrines on which he founded his entire method 
f philosophical reasoning. 

With regard to this system, he must be allowed the 
redit of having been the first who attempted to suggest 
ny one physical principle to explain and connect all 
lie planetary molions. For we can hardly class under 
designation of philosophical theories the •rystalline 
spheres of Ptolemy, or the vitality assigned to the 
th by Kepler, lies Cartes proceeded upon principles 




could mult ; continual deflection from ■ 
rectioni m 
centrifugal force 
matter came to be formed I 
or whirlpools, the more subtile para ( 
real vortex in which the denser bodies float, 
universe consist* of • multitude of vortices, w 
iij'I circumscribe each other. The earth ai 
are bodies carried round in the great vortex ■ 
ivntem ; the subtile matter of which acts ■ 
with • pressure towards the centre, while 1_ 
fugul force preserves ihem From falling imo ii 
planet is, in like manner, the centre of a ~ 
which produce* a similar tendency to its c 
within the sphere of its influence. 

Such U the outline of this " baseless fabric 
vision ;" which, coming as it did after the di 
the Itwl of Kepler, is at once condemned in 
no conformity to litem, nor supplying the sn 
planation of any thing but circular orbits, i 
been now shown not to exist. 

Vet this hypothesis, framed on the most ej 
reasoning from purely imaginary assumption 
after all, not affording any explanation of the fj 
noon actually adopted, and seriously <! 
unin-r ■■iiii , !i of fiurojie. It was not, however, 
without Minn; opposition at first, and was c 
bibited in one or two continents] universities, e 
where thi Jesuit* hud any influence ; but the n 
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lone of the author's speculations probably tended 

lis favourable reception in other schools, us it a! 

furnisher! interminable subjects for scholastic ills- 

the English universities it obtained almost undis- 
ay in proportion as the Aristotelian physics 
rted, and it was necessary to have mme deter- 
to substitute in their place. The " Phy- 
of Rohsult, conceived entirely on the Cartesian 
pies, continued, till a much later period, the fa- 
:e and established text-book in Cambridge. That 
■ bih of the him land were also read in 
' id the Scottish universities. We shall not be 
irised at the popularity which the Cartesian system 
throughout Europe, if we remark that it sp- 
ied strongly to the imagination, and very little to the 
n, of mankind. In explaining all the movements 
e heavenly bodies by a system of vortices in a 
medium diffused through the universe, Des Cartel; 
ized upon an analogy of the most alluring kind, 
who had seen heavy bodies revolving in the 
}f a whirlpool, or in the gyrations of a vessel of 
o which a rotatory motion had been given, had 
difficulty iu conceiving how the planet* might revolve 
ind the sun by analogous' movements. The mind 
taiitly grasped at an explanation of so palpable a 
and which required for its (Wvelopement 
ther the i \ercise of patient thought nor the aid of 
imatical skill. Above all. the immediate chain of 
;tion by which the author affected to deduce it 
the attributes of the Deity stamped it with thnt 
■■■■•I wliirli, nhiL' iilicujnul, i;ivi:s currency to 
absurdities, however glaring : and even stigmatises 
impiety the most rational and demonstrable truths 
>setl to the notions it has once countenanced. 
Thus much, however, we may safely say in praise o: 
the Cartesian theory, that its popularity certainly '" " 
materially to explode the more gross erron 

ic system ; and, from seeing one system give * 



il of thr law which had been ao 1 
winch connect* together the deviation ( 
raj towards the perpendicular, and the 
denee, for all values of that angle. The r 
of a eomtniit ratio between the * 
which the incident and refracted rays form ■ 
perpendicular. This remains invariable for all a 
ilences, while the media are the same, but varie 
different media. If we suppose the ray to past ni 
vacuum into the given medium, the ratio for the a 
licular medium in this case is called the refractive ti 
of that medium. 

Snell, however, certainly did not announce his f. 
rovery in this precise language. Des Cartes, 
Dioptrics, published in 1637, grrea it in this {, 
enunciation, without making the smallest menl 
Sru'll ; anrl the discovery, in consequence, went fi 
that of Des Cartes. It has been said that SneU's 
containing this discovery were not published at th 
Pes < !artes wrote ; other accounts, however, g 
the dale of their publication 16'lfl, or even earlier, 
any rate, Snell had communicated his researches foM 
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aids, and [bey had been made pntUe bj bli 

, Professor Hortensius. in his lectures. It may 
true that I)es Cartes nude an independent dii. 
sjvery of the name truth. 1 1 is character, however, is 
arell known to have been marked with an envious desire 
d disparage the merits of those who might be his rivals; 
this circumstance throws considerable doubt on his 
a io originality. 
Des Cartes, in this as well as other parti of his 
affected to reason from those abstract 
ciples, which were, in fact, nothing more than 
arbitrary assumptions. He deduced the law of refrac- 
tion, not from a comparison of observations, but from 
the hypothesis that light proceeds more rapidly in denser 
media. 

The hypothetical character of this reasoning was 
posed and censured by l'ermat, who, nevertheless, 
himself attempted to deduce the law upon a principle 
'n the existing state of the science, was scarcely 
s hypothetical, though it has been fully roniitmed by 
This was termed " the principle of 
tat is, he assumed that light must 
always move so as to pass from one given point to an- 
ther in the least possible time, and that the course it 
under the influence of the different density of the 
a will be determined in accordance with this prin- 
ciple : and contrary to the theory of Des Cartes, as- 
suming that light is rebirdvd in proportion to the 
density of the medium, he deduced, on this principle, 
suit, a refraction regulated by the law of the 

Des Cartes also directed his attention to the forms of 
i, and the means of collecting incident rays accu- 
rately to one [ioint as the focus. No spherical lens 
does this accurately, even if Jjggad to a very small a 

aberration is very g 

p which should 
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-• with the desire 

r of realoos and able £ 

to the task with equal < 

distinguished than Torricelli, who flourished al 

Torricelli made some additions to 
corcries of Galileo, in his treatise " De Motu C 
naturaliter DesceodeDtiuin et Projectonrm." 
Testified general theorems reialire to the i 
gravin and the equilibrium of bodies. 

In hvdraulks he seems also it> have taken t 
step, by showing that the water issues front a 
the TJiIe or bottom of a »essel with the a 
as that which a bod; would acquire by failing & 
lew! of the surface to that of the orifice. It i 
less to remark the importance of this principle to a 
the whole science of the motion of tliiida. 

But this is not the greatest discovery we owe * 
! friend and disciple H ' 
ruled with success another enquiry, 



rnYOcAti and 

trious (etcher hud failed. Galileo had observed lbs 
dint water will not rise in an exhausted tube (as 
pump) to a height greater than about thirty-three 
hut he was unable to Rive an explanation of the 
ciple: Torrieelli, however perceived it, and proceeded 
;rify it. The column of water was held in equi- 
unt with a column of air : in the tube all pressure 
removed from it ; on the other aide, or in the re- 
air, it was pressed by the whole weight of tile column 
ir reaching from the surface of the water to the top 
he atmosphere. The height at which the water 
:l, or the quantity of water supported, depended on 
log but its weight compared with the weight of air: 
same thing ought then to hold good with all other 
le. Mercury is a fluid about thirteen times more 
;e than water ; a quantity of it, therefore, about one 
,th of the quantity of the water, would be in 
nner supported by the same column of air: that 
the column of mercury would stand at about the 
fht of thirty inches. 

'his, therefore, Torriceffi proceeded to try. A tube, 
ed at one end, being rilled wilh mercury, carefully 
ping the open end with his finger, he inverted it 
i the open end in a basin of mercury : the mercury 
he tube immediately fell, and remained stationary at 
■ight of about thirty inches. Thus it was evident 
the principle assumed was correct: the weight and 
isure of the atmosphere were established ; and the 
iry ill Miction, nature's horror of a vacuum, and a 
I of kindred absurdities, at once and for ever ex. 
led. The whole of this class of phenomena were 
r reduced to one simple law ; and the action of the 
air referred to the same causes as those which influence 
the grosser forms of matter, however little its subtile 
nature might at first sight appear amenable to them. A 
new and wide extension was thus given to our percep- 
tion of the simplicity and unity of design which pervades 
; a fresh train of reflection opened to those 
capable of profiting by it ; and an important 
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tl to the height to which we ascend 
Dspliere is known, this principle affords us 
fined and philosophical means of cali'idatint: 
'in | mi, with the introduction of various 
5 and corrections in derail, now constitutes 
if the barometrical measurement of heights. 
f connected with these researches, anil nearly 
ary with them, was the invention "f (he jiir- 
y Otto Guericke of Magdeburg, ahout 1(<54. 
led a barret with water, and began to draw out 
uid by a common pump affixed to its lower part: 
I proceeded but a little way, when the air hurst 
3 the barrel with a loud noise; and the failure of the 
? thus as instructive as its success would 
e been. He soon found means of succeeding by the 
' a glass globe instead of the barrel, 
is, however, was an inconvenient process; and, so 
s it was necessary to have the receiver, in the first 
ce, filled with water, hardly any experiments could 
e performed illustrative of the effects due to the want 
Mr. Boyle made the first improvement, and 
iduced the air pump to nearly its present construction. 
le machine being thus provided, its application soon 
>ught to light a great variety of important properties 
: its elasticity, its necessity to combustion and 
e support of animal life, and the absorption of a cer- 
portion of it during those processes : its action as 
e medium of conveying sound, with other modifjea- 
.s of its effects, were now made matter of obvious 
lonstration ; and, by the striking and popular eliH- 
er of the experiments, a knowledge of those great 
principles of nature dependent on the pressure of the 
atmosphere became generally diffused. 

In all these experiments Wren look a leading part 
g the scientific men in England : he also proposed 
schemes for conducting meteorological observ- 
i on a systematic plan. 
Otto Guericke has the credit of first inventing the 
'ectrical machine, in tile form of a glass glohe, which 
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■nt tube, will stand ill equilibrium it heights inversely 
portional to their densities : he investigated further 
equilibrium of solids immersed in fluids. In a 
■d, he may be said to have furnished us with nearly 
the material advances made upon those fundamental 
iciples originally demonstrated by Archimedes, and 

juently by Galileo and Stevin. 
Pascal was, in many points of view, a very exiraordi- 
■y character. He was born at Clermont, in Auvergne, 
ItfSS; his father, an able mathematician, fo»tered 
rising genius ; and, at the age of sixteen, he pro. 
:ed a treatise on conic sections, which excited great 
titration. His scientific career was short, though 
and his retirement from these studies, to ile- 
himself to theology, and even ascetic seclusion, has 
variously construed, according to the religious views 
the writers. His " Lettres Provinciales" are gene- 
esteemed as models of powerful composition. His 
ydrostatical works were not published till after his 
ath, which took place, at the early age of thirty-nine, 
1662. 

The efFect of the resistance of the air in the falling 
bodies was explained by Mariotte by means of the 
ir-punip, in the manner of what is called the guinea 
ind feather experiment. Nothing, however, is easier 
make a coiu'and a piece of paper of the same size 
all to the ground in precisely the same time without 
ly exhaustion of air : we have only to lay the paper 
ipon the coin, and to Lake care to drop it so that it shall 
esene a horizontal position. 

Martotte was principally distinguished for bis re- 
searches on the pressure of the atmosphere. He esta- 
blished the important law, that the density is precisely 
proportional to the compressing force, as also is the 
elasticity. He ascertained the existence of air in a state 
of mechanical mixture with liquids, anil showed that it 
exists between their particles in a state of condensation. 
lie also made experiments on a variety of other subjects, 
icially on the collision of bodies. 



the Copernica 



T the di*KpJ« rf r a 
o of the great ^M 
i system, and verified its ptisriftiH 
various. Re distinctly | ' 
v ktmui the Imm tfaMtioBi a* 
d writers, sod the motion of (he e 
experiments to show that a body carrii 
other acquires a motion, which it retaj 
ceased to be bo carried. This referred to tl 
merits of the Ptolemaists against the c 
which had been lately retired by Morin 
called " Ala: Ten* Fraet*." 

He was the first who observed the transit of a pi 
over the sun, that of Mercury in ItiSI. 
predicted it, though he did not live to ei 
of witnessing a phenotnen 
satisfactory a proof of the truth of the a 
orbits on which the calculated prediction was 

The first transit of Venus ever observed t 
few years later, in lt>3<>, and was seen only b 
and Crabtree, in England ; the former having il. 
error in the calculation from the received tab! 
had led to the belief that do transit would occur. 1 
ros was one of the first to appreciate rightly (he n 
of Kepler's discoveries. His premature death, in II 
was an irreparable loss to science. Some unfinii 
methods of computing tables of the moon, which he h 
behind him, were highly valued and made I 
Newton. 

The elliptic orbits were first introduced into a <i 
tematic treatise on astronomy by Uullialdus, or 
laud, in bis " Astronomia Philol 
was still, however, an attempt to refer tile mo 
these ellipses to some centre, about which U ski 
uniform. Indeed, for convenience of calculation, J 
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; often desirable to find such a point. Boutllaud 
d several methods for finding such a centre, and 
e cak 1 illation a, founded on that hypothesis, which 
h, perhaps, accurate enough for his purpose. Dr. 
i Ward, then professor of astronomy at Oxford, and 
"s bishop of Salisbury, improved greatly upon 
e methods, by assuming the focus in which the sun 
not situated as the centre about which the motion of 
s uniform. In orbits of small excen tricky, 
s fiction affords a rule very nearly approximating to 
i truth. Dr. Ward, however, appears to have re- 
garded it rather as a real theory of the nature of the 
planetary motions. Indeed, very few, if any, of the 
itronomers of that day seem to have studied or com. 
letely understood the discoveries of Kepler, from which 
y ought to have seen, at once, that, however conve- 
nt the fiction of a centre of uniform motion may be 
or the purposes of conipulatiorij yet the law of nature 
10 other than (hat which Kepler discovered, of a mo- 
i, about the focus in which the sun is situated ; not 
nniform in linear velocity, hut uniform in the areas of 
s which the radius passes over. Riccioli, in 
enumerating various iivputliusts, Jin-* nut so imicli -is 
. Kepler's discovery. His work, entitled the 
" New Almagest," is an elaborate account of the state 
astronomical knowledge in the middle of the seven- 
teenth century. He was, however, an enemy to the 
Copernican theory ; and, though he stales the reasonings 
"ir and against it, yet he estimates the evidence, not by 
le weight, but by the number, of the arguments. He 
as exceedingly anxious to prop the falling system of 
epicycles, and betrays, in the midst of much accuracy 
and ingenuity, a mind either totally incapable of com- 
prehending discoveries like those which were now be- 
ginning to enlighten the world, or, what is perhaps not 
improbable, a determination to shut his eyes against 
them, and a design lo blind others. He was a priest 

Huyghens has the merit of first adapting the micro- 



^^pliich this explanation win unfold, d II I 
^■-"^e, «,,,) it, gtan n, n,[| rfetajj by ila dix 

K Bjwtema Saturninum," in 168$ He also dls> 
■■*■ one of ilit- satellites, bin, after the fashion of 
^j> convinced himself that there could be no more, 
'■^ the number of primary and secondary planets 
*"*"*! ounteil to twelve, the double of six, which is 
**t perfect numbiT. However, in I(i7l. Casiini 
'«ri'.l another satellite, and this kind of specula- 
*^*on went out of vogue. 

«* hiivu already remarked the difficulties in which 

**omers had lung been involved, in finding the 

c ascensions of the heavenly bodies : a!! ' : 

NMuuu of their positions may lie ultimately reduced 

analysed into methods of referring them to two 

»es at right angles ; one of these is the plane of the 

"idian ; and this being readily found, it wis a com. 

wtively easy task for the astronomer, even in the 

'er stage of the science, to measure tbe position of 

**i stars in this plane ; that is, to observe their aJti. 

'*le, or their distance from the pole when they «m on 

* meridian; thus, one essential element, d» 

■tion, and thence their latitude, w« found without 

iffU-ulfy. Modern refinement, indeed, has given the 

Method increased accuracy, but the principle could not 

pari simple or exact. The measurement of position 

i directum trantwnt to this is the other euential 

Requisite : in this, the older astronomers could devise 

nothing better than very circuitous and uncertain me- 

: there was here no fixed plane to which the ilari 

could be referred ; but there was one circumstance 

which had indeed been noticed, and some attempts 

! by astronomers to avail themselves of it, as yet 

without success. This is, the perfectly uniform rota. 

tion of the earth : if a star is accurately o< 

no tiler star to the eastward of it 

icridian in a certain time after il 

Ktse intervals of time for a number of d 

,ey are exactly proportional to the dial 
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i direction at right angles to the pliwrfHJ 
'e whole difficulty, then. 
e of time. If [J,is be 
e observations of the height of the stir! up 
lian, anil the differences of their times of pi 
the meridian, give us hi onee the two essential tk 
on which all other determinations in astronomy doutl 
Now. till the time of Huvghens, there had betn.«" 
have before observed, no precisely, or even toW( 
accurate means of measuring time. Clocks had k" 
constructed, but they wanted that essential 11 
exact regulating power: this was the grand derideni 
which Bnyghens supplied by adapting the penanlaulB 
L — : they were thus rendered available to ti< * 
; and the clock, increased in its accun 
■ and ingenuity of a long succession of en 

l essential j>art of the furniture of * 
5 with an instrument always kept* 
bc j-ane of the meridian, and that which' gira* 
■ anil of altitude in that plane. Godfre , 
P«at h astronomer of considerable merit i 
m wa h w ul by a comparison of his own ... 
Mllh dkOM of the ancients the diminution i 

Is j Utta rf the ecliptic, originally pointed t 

•fcah*: he Ad not, however, determine it to any a 
Mac: he also found that Kepler's laws extended U 
Trv*aof»r «t Jupiter's satellites. 

a of Dantsick, » 
s a n 
y by his 

■ «f the surface of the moon ; be 

wwww*. iu kUlbn t* the moon's libration i 

uur*(il Vr «>auW. a hbraDon in longitude also: 
*""«' «wtritrt"i. i* the drcumsunc;, that we si 

*Jf* *' as»d Wwet edfes of the mora *Jte.«— . 

*"" ""«■ ■■"•■I Hfe "• the plane of t 

the always presents I 



i of which the earth is placed. lit also threw out 
I bints of the parabolic form of the orbits of 

Another contemporary astronomer, Gabriel M on ton, of 
ons, first practised that important process, the alter- 
ation, for determining the place of a planet, at some 
[ant of time intermediate to two others, for which 
place is given in the tallies: he also used the pen- 
um to measure differences in right ascension. 
The first idea of the transit instrument, a telescope 
eable only in the exact plane of the meridian, to 
■h the transits of stars across it, though in a very 
;rfect form, seems to have been suggested by Roemer 
it 1690. 
The elder Cassini, was invited from Italy into France 
Louis XIV., in 1669, and settled in till' observatory at 
ris, where he continued a long scries of accurate and 
uable labours, particularly directing his attention to 
fecting the theory of the interesting system of Jupiter, 
ich so beautifully represents, on a small scale, the 
ater planetary system. He also discovered ultimately 
r satellites of Saturn, in addition to the one observed 

,d probably other astronomers 
the period, observed a highly remarkable circumstance 
tnected with the eclipses of the satellites of Jupiter, 
leir theory had now been sufficiently determined to 
ord the data for calculating these eclipses; a remark- 
le difference, however, sometimes appeared between 
; time of their occurrence, as computed and observed. 

was soon found that the emersions took place behind 
the calculated time nearly fourteen minutes when the 

th was at that part of its orbit furthest from Jupiter; 

i that the difference diminished up to the position 

lere it was nearest. It seemed to be connected with 

s circumstance alone, and independent of all others. 

lis was, however, only as yet ascertained will; certainty 

th regard to the first satellite. 




AMI X-ATHtM-lTICAt. STIEN'CES. £41 

L s of refraction, anil, from a more correct notion of ita 
ts enabled to make corresponding corrections in 
e estimate of parallax. He discovers 1 that singular 
phenomenon, the zodiacal light, or luminous train, some- 
times seen extending upwards from (he sun, when on the 
liorizon, and which, to this day, has remained without 
explanation. He completed the theory of the moon'* 
libradon, by showing that her axis of rotation in not 
perpendicular to the ecliptic, hat slightly inclined, and 
that the nodes of the lunar i-ipintor always coincide with 
those of the orbit. This explained satisfactorily what 
had hern before observed, that the period of the ine. 
qualities of the libralion coincided with the revolution of 
' e nodes of the orbit. 



" 



Optic*. 



- Tt&netptt. 



Optics, as indeed all branches of the natural sciences, 
are under great nMhilliimil lo Huyghens. Thi» science, 
however, seems to have been that which most occupied 
his mind. His Dioptrics is a work, the greater part of 
which was composed in his youth, but which was nol 
published till after his death. It is written with great 
perspicuity and exactness, and is said to have been a 
favourite boolt with Newton. Though commencing 
with the first elements, it contains a full develuperaent 
of all the details of the construction of telescopes : • 
department in which the author was also practically 
eminent. He polinhed lenses and constructed telescope* 
with his own hands, and has appended to his Dioptrics 
the results of his experience in a tract, " De fonnandis 
s lengths to hia telescopes. 
isses are now in the possession 
if 130 and 150 feet focal length. 
e very unmanageable ; to render 
ta adopted the plan of dispensing 
, mounting tl 



Iding, and turning i 



tjM 



» St «^ 1?E . 
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lily, and discussal mine of iWaiMdtSaAi 
;o the subject, which the* ffZpifi Mir 
f geometers, in his lectures ddiwwd !■ l6*3L ■ 
"ti the following year. 
The invention of the rtfltetng * 
n of the same theoretkil f 
n which the refracting telei 
bBtract point of view, perhaps, i 

is than tlie latter ; at any rate n 
mediately suggested itself, as far ai 

but to reduce it to practice r 
t contrivance. 
Rays of light from a distant object falling cpoo ■ 
concave reflector, would give an image in it* Emm 
which might (in theory) be magnified by an eye-flan; 
it how could the eye be placed there to see it witfcMi 
intercepting the light ? The use of the object gliaa, or, 
i this case, the reflector, is simply to collect a pm 
lantitt/ of light : hence the cutting away a small Aafe 
i the middle of it will not materially interfere with it* 
A second small reflector, placed facing the large 
', will also intercept only a small quantity of the 
The eye being placed with ao eye-glass at the 
ack of the great reflector opposite the hole, may then 
e the image thrown back by the small reflector, 
which his received from the large one the rays going to 
its focus to form that image : thus the difficulty is car- 
mounted. 

ention was made by James Gregory, pro&a. 
6or of mathematics at St. Andrew's, and afterwards for 
a short time at Edinburgh. He gave a description of 
' 1 his Optica Promota in 1068. It has been ainee 
known by the name of the Gregorian construction. 
Cassegraiu afterwards modified it by making the small 
reflector convex instead of concave. 

The Optica Promota contains also many important 
ns relating to otheT part* of optica, especially 
e formation of image* by lenses. The author like. 
* 4 
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:hifl, too, in a variable plane. Huyghens, however, 

cceeded in tracing the law of these changes, which is 

mewhat complex- He illustrated it by a geometrical 

ion, which represents the position of the ray in 

; but of which it would be impossible to give 

my general description. It was, however, intimately 

ected with a theory of which we must now pro- 

i to give some a 



Theory of Undutatiimt, 

Perhaps the most curious portion of Huyghensa in- 

i consists in his very remarkable tlieory of 

jht, which, framed in the first instance upon tbe 

mplest conceptions, and admirably applying to the 

sentatlon of the ordinary phenomena, was soon 

i no leas beautifully applicable to the more 

mplex case of double refraction. This theory was 

it communicated to the Academy cf Sciences at I'aris 

a lfi7S; but afterwards puhli shed in a separate form 

i I69O, under the title of " Train* de la I.uniii m ■." 

apounded, in the first insiance, to explain the limited 

inge of optical phenomena then known, this throry, 

a few modifications, has been found in the hand* 

' subsequent philosophers to afford by far the most 

mplete and satisfactory representation of nearly all the 

varied and complicated results which optical experi- 

:s have disclosed. The original idea of Huyghenn 

was simply this : that on inconceivably subtile and 

elastic medium, or ether, pervades all space and all 

bodies, existing within denser media in a state of 

greater condensation. Waves, pulsations, or undiija. 

is excited in this medium are propagated i» oUbMBt 

directions, according in the impulse originally comma. 

nicated by some peculiar action of those bodies which 

we call luminous; and these pulsations reaching our 

, affect us with the sensation of vition. Under 

ordinary circumstances these undulationn in : 

n the original centre of excitation in a regular eir- 



Aim xmountii ■ 

Led, as it might apply or dm I* m 

i as might afterwards be dw«vcn 

, shall see, several fact* in optica > 

it sioon after, yet it doe* a 

o apply this theory to ti 

Inflection of Light. 



% learned Jesuit, [ 

Hunt of some remarkable pfaa 

which have subsequently acquired ■ k 



Grimaldi, 

Mice, i 

c interest and importance. Imfeed, < 
ery singular and even paradoxical nature of cue at* &e 
esults, it is astonishing that they did ant attract nan 
ttentioi: at the time. 

The main fact, which be examined wit* great art, 
was this : — On placing a 
a wire or hair, in a beam of the t. 
through a pin-hole into a dark r 





He lb.**. 



y broader than, upon a _ 

r rays, it ought to be at taaac t 
i of the shadow was A 
t lines, which appeared i 
s of the hair : all within tl 
iw, though the darkneai gi 
i central part towards the i> 
, that when the breadth of ti 
Weed a certain amount, the middle pen of* the 
Off, instead of being uniformly dark, u streaked 
villi several parallel bright and dark binds, i* the 
its length, the centre band beittg always 
lumber varying with the breadth and <ha- 

He considered all these phenomena due to a certain 

jcnding or inflection, as he callnl it, which he saypos e d 

the rays to undergo in passing near the rdgea ot the 

ijiii' hod; ; and that these stripes within the a 

■e due to the joint action of (he two jxretirtM • 



coming from each tide. 

nouneed by faying, that it 

two portions of light produced darfcnes. 

Dr. Hooke appears to have tried " »—■*— 
without any knowledge of what GriuuHi t 
1()72 and 1674, he communicated two f 
Royal Society on the subject. From son 
pretsion*, it would seem that be adopted ■ i 
light resembling that of Huyghens, and gave* 
general explanation of the facts by tuppctu 
ciple analogous to that since termed intrrfr 
which has been moat extensively applied in © 

Mechanic). 

The mechanical researches of Hoyghens are of p>* 
value. In addition to those on collision, before n» I 

tioned, he was the first to demonstrate the r 
between the length of a pendulum and the time 
vibrations, as also between this and the time of n» ] 
tilinear descent down the length of the pendulum. 

His practical application of these principles t 
which has introduced the great improvement iu dod* 
by the use of a pendulum as the regulating power. 
This grand invention is explained in his " Jforologin* 
Oscillatorium," published in 1670, though the date tt 
the actual invention is luofi. 

The common pendulum vibrates only in circular an*; 
but so long as these are not extended beyond very 
small limits, the times of all the vibrations are precisely 
equal. If the arcs be greater, this equality is no longer 
preserved. It was one of Huyghenss invee:igation»li 
find a curve, in which, if a body moved as a penduhna, 
the vibrations in all arcs should be equal ; and it wM 
a mathematical result, that that curve must he tlv 
cycloid. By the ordinary mode of suspending 1 
dulum, it necessarily pe rron 
arcs; but Huyghen " 
geometrit 



PHYSICAL mo KAtBKUATtCAL KIEKCKa. tSS 

a oscillate in that curve; in which case, its motions 
arcs, great or small, would Ix- strtctly woc'inmow*." 
property referred to wis, thHt the towfafo of * 
cycloid is a cycloid: hence the thread sustaining the 
Ktoght being unwound from the arc or surface of a 
rycloid, the body which it carries will at the same time 
• In the arc of another cycloid. The weight was, 
efore, suspended between two pieces nf wood or 
shape of cycloids. When it hung 
itionlesa, the string was a tangent to both the cheeks 
t the point of suspension, where they also tonrftwl 
In any other position the string wm p»r- 
Jly wound upon one of the cheeks, while the re- 
minder formed a tangent to the curve. 
This method is, however, inapplicable in practice, 
n only be regarded as an elegant theoretical spe- 
n. For practical purposes, a pendulum simply 
jspended and vibrating in small circular arcs, possesses 
ery requisite, even for purposes of the utmost exact- 
In these researches, several eminent mathematicians 
mmunicated with Huyghens, among whom we find 
'ren and Wallis taking a conspicuous part. 
In the theory of motion, another important principle 
s to have been first brought to light by the re- 
searches of Huyghens ; the discovery of the centre of 
UnWnfi'iin .- an enquiry of a singularly refined and beau- 
tiful character, and which has become connected with 
the most extended speculations in analytical mechanics. 
The nature of this enquiry will lie readily understood, 
when we merely consider for a moment, that in a pen- 
dulum consisting of a large mass of matter, every par- 
ticle, if suspended separately, would vibrate in a dif- 
■, according to its distance from the point of 
: when, therefore, these particles are all 
1 together, they must affect each other's mo. 
it upon the whole there will be some one of 
Esof vibration, when independent, are the 




toasidenbly, acrardng to the fii^—i g 
—I* i ' 



■naljai have tbown thai hu iwilml ws* ■ 



E*gluk Pkpical SdmL —Bvyte, 1 

Whilst these researches were being c 

Continent, in England an experimental 

forming, faithful to the principle* of the iniiucti« |i 
lotophy. Foremost among iu support* 
Robert Boyle, .whom Boeriiaave style* * 
of bu age and country, who succeeded to thee 
enquiries of the great chancellor VeruLun." 
ha* left no doubt as to the master by whom he hast k 
(aught; for, in recording hii experiments, be has I 
tafned not only the method, bat die peculiar idiom a 
technical phrases of Bacon. He has been already a 
lioned for his principal invention, the air-pump, 
his attention was directed to a vast range of p' 
subjects, which he pursued in conjunction with 
other devoted cultivators of science who were c 
associated together about the year lf}50. Boyle 1 
studied at Ley den, and after travelling on the Continent, 1 
resided for some time ut Oxford, where at that titn 
kindred genius of Wallis, Wren and others, had d 
them together under the auspices of Dr. Wilkin*, wi 

of Wadhim college, in whose lodgings private me 

of these friends of science regularly look place ; i 
Wadham acquired the name of " the philosophic col 
lege." Besides pneumatics, Boyle's researches wei 
more especially devoted to chemistry, to enqiriri* 
^WspeciJ^^^uid colours, and to the properties u 



. solar as compared wiih terrestrial heat. These and a 
- variety of other topics were freely discussed at lheir 
. meetings, and experiments publicly tried. 

Such meetings had indeed already taken place in Lon- 
, don: in 16-15, Dr. Willis had formed a sort of club, in 
, the first instance consisting chiefly of the professors of 
iresham college, then comprising some of the most 
istinguished men of science of the day. Their tmm- 
■ soon increased; and, in 1648, many of 
• members retired to Oxford, the metropolis being 
a state of great disturbance, and joined in the 
eatings before mentioned. " Their first purpose," 
I bishop Sprat (History of the Roy. Sac), " was no 
; than only the satisfaction of breathing a fresher 
r, and of conversing in quiet one with another without 
eing engaged in the passions and madness of that dis. 
And from the institution of that assemhly 
it had been enough if no other advantage had come but 
), that by this means there was a race of young men 
rovided (garnet the next age, whose minds, receiving 
" n their first impressions of sober and generous 
tnowledge, were invincibly armed against all the en. 
' antments of enthusiasm. But, what is more, 1 may 
to affirm, that it was in good measure by the 
e which these gentlemen had over the rest that 
e university itself, or at least any part of its discipline 
1 order, was saved from ruin. Nor were the good 
s of this conversation only confined to Oxford, but 
ihey have made themselves known by their printed works, 



l the learned languages, which have 
much conduccil to the fame of our nation abroad, and 
to the spreading profitable light at home." 

Dr. Wallis, who took a leading part in these meeting", 
has thus described their objects : " Our business was 
(precluding matters of theology and state afi'uirs) to dis- 
course and consider of philosophical enquiries, mi. I such 

as related thereto: with the state of these 

studies, as then cultivated abroad and at home, We 
then discoursed of the circulation of the blood, the valve* 
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Pt Bofaerl Hooke, ooe of the r 
usaociatM Engliifa philosophers of thi 
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inch of science, anil in most department* prosecuted 

iBidrrahle improvements. Rut he was too ready to 

to priority in any discovery which was an- 

junccd, to the disparagement of others, act-using them 

f appropriating his ideas. 

When Huyghens's application of the pendulum to 

, and his idea of the cycloid*! cheeks, mat puli- 

, Hooke immediately raised pretentions to both 

i own inventions. But the latter idea could not 

e occurred to any one except upon a knowledge of 

t mathematical principle of involutes ; and in g». 

netry, Hooke was very deficient. The priority of 

iyghens, however, on other grounds, is quite unquei- 

" le. Hooke also claimed the invention of the air. 

r there is no doubt that he improved upon it, and 

tended its application!, He contributed much to the 

erfection of the diving-bell ; and has certainly the 

t of a materia! improvement on watches; that of 

ding tile spiral spring to regulate the balance. He 

robalily aimed at giving greater perfection to these 

machines, from perceiving their imjiortitnce in the great 

roblem of the longitude. He devoted himself much to 

ronomy ; effected some improvements in astronomical 

ostruinents ; and entered warmly into controversy with 

Hevelius, in support of the principle, then first introdued, 

f fitting up quadrants with telescopes instead of plain 

tights : this was about \665. 

In practical mechanics, we owe to Hooke many inge- 
nious contrivances, into the details of which it Is impos- 
sible here to enter. The fertility of his invention was 
inexhaustible, and we find a vast number of theoretical 
suggestions of the highest ingenuity recorded in the 
diary he kept of all his pursuits, besides the numerous 
improvements which he actually reduced to practice. 
Hooke associated with Wren in barometrical obserr- 
s, with the special view of examining the hypothesis 
l)es Cartes, iltat the tides are occasioned by the 
re of the moon on the utmosphere at her passage 
r the meridian ; it is hardly necessary to say ;hat 



•aeaa of capillary attm 
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» •»»•■•>..— -=«: his researches in almM 
pan of pfcy-eal sdence. that we shall not itiei 
«"•«" »■«»- ■« «U of them he displiyri 
arofed Mifa of ability and gw,iu> 

aarr I— miliai il ob a few nf >J lt . ... i , , 
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J on a few of (he more import 
jews, MM aoabtless hare placed him in a far la 
raai. m ug atntMophcrs, and have conferred n 
nwl Vacua m science. 

The grachatl Tariatioo in the dedication of them 
■eric accdfc ni fim complei.lv established by G 
brand, professor in Grrsham college, in 1625, J' 
■bboratr conparbon of the recorded obse ' 
GaMef and Mair. rn idle, with those of 1__ 
I AStX The snb>ret afterwards attracted the a 
- Hookc and Hal ley. 

A remarkable optical phenomenon observed a) 
d« n hai, riace become of the highest interest, in e*_ 
two with the theory of light. Mr. Boyle appear* tt k 
hem the first who has recorded any observation* on I 

colours exhibited by rjtrrmdg tain JUm* of t, 

■ahstaoces. The common exhibition of tbem in'bL 
iaf soap bubbles ha>l probably been known fWaj 
l»r. ll.vkc Sr?i found that similar colours might t* 
Mined by splitting mica into extremely thin film*, 
found that (he tint depended aa the thickness, but a 
dense no means of measuring such extremely a 
thieknesies, with the view of comparing the c" 

onlowr wilh mat of thickness. He observed. I 

another farm of the experiment, tvhich consists in fi 
isg a thin film at < classes L. 

"Jgelhee, "tUflJf^H^nthejAiiK colours. They a 
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„ < the glasses are more cIok-Iv prated. If oh or both 
he glasses he lenses of very small curvature, tlw colours 
ire arranged in the form of rings round the point of 
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c colours ; no precise analysis, however, of tfac 
enon was yet made. The same colours are aba 
med hy a minute drop of oil which spreads iuvrfnto 
leof extreme tenuity on the surface of water. The; 
n like manner often seen in the film* which ealect 
□ the surface of stagnant water. No satisfactory Mpk». 
■tion seems to have occurred to these philosophers, tad 
' e subject was left (o occupy, it a future period, the 
inquiries of Newton, and to afford thr first faint of » 
certain peculiarity in the intimate nature of light, which 
s long afterwards to supply a clue to • van range of 
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FThe latter part of the seventeenth century wilmawil, 
{ we shall afterwards more fully perceive, die Most 
complete revolution in physical, and especially utrooo- 
nrical science. Id tracing the step* which led to this 
important change, we must not omit to notice, u our 
of the most efficient, the establishment of philosophical 
societies, which took its rise in the early part of tint 
century, and some of the most celebrated of such instu 
tutionswere fully organised before its cloae. The utility 
of such societies is readily evident : it is needless to en- 
large upon the facilities they afford, or the stimulus they 
create, for the advance of philosophical research. But 
their importance was still greater at the period of which 
we are speaking than at the present day. Perhaps we 
can hardly estimate fully the condition of society in 
those times, destitute, as it was, of those means of 
• and uninterrupted t'omnmnkatfon 
which, at the present . : 

it remote recluse with I 
Scientific comcranwauon in partial 



• circulates weekly anil monthly infori 
-y advance in knowledge, and every jjnpnmi 
experimental research, was then nnkno 
lowpher of those times lived in a stale of isolitn*,* 
carried on his labours single-handed; ciicumM* 
which must have greatly retarded the progress ft! •> 
covery. To remedy these evils, the first and n*< 
expedient was, for those engaged in a common J* 
where proximity of situation permitted, to i&wcii 
gelher, and contribute all the advantages which e» 
atioti and interchange of ideas could aflbnl, ' 
jiromotion of the work in which they were eng»j$ 
Several small associations of tliia kind were i 
sively formed in Italy ahout the period of & 
discoveries : the most considerable of these was I 
the Lyncean Society, under the patronage of tin 
chest r'retierieo Cesi. It took its rise about ml 
tJalileo was himself an active member of it. It 
wards declined; but was succeeeded, in 1 657, 
Acidemia del Cimento, at Florence, which ow 
origin, and its high, though brief reputation, 
disciples of (ialileo, Viviani, and Toricelli. 

In England, we have already observed that di 
the civil wars a small party, attached to science, 
drew from tile miserable dissensions of that t 

potted into the retirement of philosophic di« 

Their meetings appear to have commenced about 
in London; but, in lGi8, the most i 
number having removed to Oxford, their meetings 
there continued ; though it appears that those wi 
mained in London likewise kept up theirs. Subseqo 
the two branches of the original society i , 
were incorporated by a charter from Cha. ' 
The first idea of such an institution seems to have 
suggested by the writings of lord Bacon. 
" Nova Atlantis," had given a high]] 
of the plan - - 




1 ohserved, " was an attempt to reduce to practice 

• splendid fiction of the New Atlantis. The um 

ipreheiisive mind which firat developed ilie true 

\ of interpreting nature, sketched also the tfnt 

Ight of a national association for undertaking, by a 

em of distributed and combined exertion, the lalwur 

£ that work. This philosophical romance was not com. 

" >Oied by its great author to amuse the fancy, bill lo 

Itspnse tin.' minds of the legislature towan! ' 

ttion of a public establishment for the advancement of 

"wienee It appears that the basis of the great 

"institution which Bacon meditated, was a public pro. 
rision for the maintenance and promotion of science. 
It was one of the defects noted by him in his masterly 
survey of the stale of learning, that science had never 
possessed a trhitle man ; and he exerted all the influence 
of his high station and commanding talents, to promote 
the supply of that defect. .... The Royal Society 
did not attempt to execute this part of Bacon's plan; 
Tint, in other respects, it copied as closely as possible 
the model of the ' six clays' college.' It was not, then, 
an association of individuals throwing their contribu- 
tions casually into a common stock, but a body politic 
of philosophers acting in a corporate capacity, and with 
systematic views, allotting to its members their respective 
tasks, and conjunctively debating and consulting for the 
advancement of knowledge." * 

To this systematic division of labour in the early 
stages of the Royal Society's existence, we owe some of 
the roost important researches of that day. It may be 
sufficient to name the " Sylva" of Evelyn, and the 
" Laws of Collision," by Huyghens, Wren, and WaUia. 
But this system did not long continue. In Germany, 
the Academia Nature Curiosorum dates it 
ment from tft'52 ; and the historian of this ii 
sjy ascribes itt origin M tin- si 
'■ i of Bacon. The Royal A 

ml*j Addr.li. Iti-pMti <* 



uld not be published by any other means. In this 
sped alone, the society confers an important benefit on 
e science of the country ■ and the high character and 
.tended celebrity which the volumes of its Transactions 
nve acquired, again reactsupon the cultivation of science, 
d affords a powerful stimulus to those engaged in suck 
a produce papers which may obtain the honour 
on in those select depositaries. The inter- 
inge of ideas, and the personal acquaintances formed 
t kept up at the meetings of such bodies, are advan- 
9 also of no email value ; while the concentration 
if scattered information, and the directing to one centre 
le energies of many minds, each powerful in its own 
, affords the means of mutual assistance in their 
searches, and thus increases the light thrown upon 
irticular points of enquiry in an almost incalculable 

n proposing his new scheme of a philosophical 
ititution, is of necessity led to justify the proposal by 
■ reference to the services of existing institutions, and 
y showing how little they hail done, or by their very 
e and constitution were likely to do, towards the 
il advancement of science. He censures with severity, 
indeed, hut without bitterness, in strong terms, but with 
a masterly exposition of the facts, which evinces the 
perfect justice of his condemnation, the system of the 
colleges and universities of his day.* He observes; 
that the lectures and exercises were all of such a nature, 
that no deviation from the established routine was likely 
to be thought of ; — that if a solitary attempt were made, 
the whole burden of it would rest on the individual, 
who would, moreover, find such attempts a serious im- 
pediment to his own advancement. The studies of 
these places were confined to a certain set of authors, 
imprisoned within those limits ; any one who 
lture to deviate from this course, would be 
mmediately condemned as a turbulent 
s adds, " in the arts and sciences, 
".Nov. Orginon, i. Aph.M 
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s of experiments for deter- 

'inp whether bodies experience any variation in their 

fehtat different distance From the centre of the earth. 

1 first experiments (aa lie himself confesses) were 

sMifactory ; but they led him to the ingenious 

measuring the force of gravity by observing the 

■ pendulum at different altitudes. How far he 

" t practice does not appear. He also gave a 

if mechanical illustration of motion in an orbit, by 

tght freely suspended by a string, and thus made 

dilate either in an elliptic or circular course. 

In 16?*, Hooke resumed the subject in a dissertation 

-ititled "An Attempt to prove the Motion of the Earth 

n Observation," in which the following remarkable 

" 1 shall hereafter explain a system of the world 
ifiering in many particulars from any yet known, 
tnswering in all things to the common rules of mecha- 
This depends upon three suppositions. 
fat, That all celestial bodies whatsoever have an at- 
ir gravitating power towards their own centres, 
[■hereby they attract not only their own parts, and keep 
them from flying from them, as we may observe the 
trth to do, hut that they also do attract all the other 
ilestial bodies that are within the sphere of their 
(Ctivity, and consequently, that not only the tun and 
n have an influence upon the body and motion of 
earth, and the earth upon them, but that Mercury, 
Venus, Mars, Jupiter and Saturn also by their attractive 
x$ have a considerable influence upon its motion, 
i the same manner, the corresponding attractive 
:r of the earth hath a considerable influence upon 
every one of their motions also. The 2d supposition 
is this ; That all bodies whatsoever, that are put into a 
direct and simple motion, will so continue to move 
forward in a straight line, till they are by some other 
ectual powers deflected and sent into a motion des- 
ribing a circle, ellipsis, or some other compounded 
e line. The 3d supposition is. That those attract- 
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o the period under review belongs the ratal 
some of the must celebrated nations! observatories. If 
e formation of philosophic societies he « muter of 
ilional importance, much more must the 
observatories be to. To be cB'cctive to the great 
g for which they are destined, these etlabttih. 
nust be constructed and fitted up upon a scale 
beyond the means of any individual lo attain. 
jid the character of the results deduced from tbe ob- 
it made in them, so essential to the purpoia 
f navigation (and in tins respect alone, therefore, of 
rumediate national utility), ought to be sued as can 
rdly be secured, unless that responsibility attach lo 
i observer which belongs 10 a public functionary, 
t, in a higher point of view-, tbe science which has 
I heavenly bodies for its objects of contemplation, 
mands, as far as possible, to be exempted iVum ilit 
vicissitudes of sublunary thing". Aa it is a science 
rhich gains strength but slowly, and requires ages to 
8 discoveries, the plan of observation must 
t be limited by the life of the individual who pur. 
it be followed out upon the same system 
a long succession of years. We have before noticed 
the munificence displayed by several sovereigns of 
mer ages in this respect. The breaking up of Tychu 
Brahe's observatory, on which such vast sums hid 
een spent, and which might have continued to be more 
gloriously employed than it was even under his super, 
intendance, became a sad memorial of the instability of 
whatever depends on individual greatness, and the ne- 
cessity of erecting such institutions on the more sub. 
intial basis of public endowments. Both the English 
mil French governments had the wisdom to see thi», 
1 the national observatory of Greenwich was esta- 
' ' 1675, that of Paris in ltil)7. In the 
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jhysical science. It lias been welt remarked, 

moticians had found out the are* of the circle, 

» circumference to a hundred place* of 

artists had divided an arc into Tumuli-*; 

list many excellent treatises had been written on 

j properties of curves before a straight line had been 

1 of any considerable length, or measured with 

f tolerable exactness, on the surface of the globe.* 

e first attempt to renew such measures in modem 

I, was that of Snell, professor of mathematics at 

n (already mentioned as the discoverer of the (.-real 

f refraction), described in a work called " Era- 

wthenes Itatavus," lfil". The operations were carried 

n by a series of triangles, and the result, after the cor- 

iction of some errors, has been found to differ hut 

e from subsequent measures. 

r attempt was made by Norwood in l'i.'<5- 

e hud observed the difference* of latitude of London 

1 York, and then measured the distance, though in a 

tularly rough manner, by measuring along the high 

" Sometimes," he says, " I measured, ■oiiietiinca 

I ; and I believe I am within a scantling of ihe 

This affords a characteristic record of the in. 

ancy of observation. 

Fernel, a French physician, soon after measured, with 
. similar object, the distance from Paris to Amiens, by 
F the revolutions of a wheel ; rhi-y Di nearly 
mder the same meridian, and his resulting length of a 
s not far short of the truth. 
But investigations like these, it must be evident, noil 
tot satisfy the increasing demand! at science. The 
French Academy of BdenoM became tatnattad la the 
question, and an elaborate measurement m under, 
taken under its auspices, by the abbe' Plttfd, which 
afforded the first result cm which injr rtUlOM MttU b$ 

1 tltese measurements had bean employed <u fur- 
ing the datu for deterniiniiit,' ih. . 
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globe From the length of one degree in miln, 
length of the whole circumference whs deducilfe 
thence, likewise, that of the earth's diameter; rhu 
of course, being supposed to be a perfirt tykm 
supposition had been generally adopt 
almost identified in the minds of men with the 
that the world was round. There were, certainly, 
phenomena, such as the form of the earth' * 
an eclipse, from which this opinion might hatr 
lamed more powerful support. Still, however, 
was no proof of its being an exact sphere; and ur 
dent now occurred which Rave ground for the &» 
suspicion that this was not the i 

In 1671, M. Richer had been sent out tomakec«i*» 
astronomical observations in the equatorial region*. II 
the island of Cayenne, on the coast of South Amen* 
it was found that an excellent clock, whe 
vibrated seconds at Paris, lost two minutes and * W 
daily; or, in other words, the pendulum required loir 
shortened to make it keep true time. The same thing 
was observed by Varin and Deshayes, who. some ye*n 
afterwards, visited different places on the coast of A&ia 
and America near the equator ; yet the clocks, on bang 
brought back to northern latitudes, regained their ort. 
ginal rates. 

We have said tlmt this circumstance occasioned ik 
first suspicion that the figure of the earth differed from 
a perfect sphere; but this inference was not made at tin 
time: it remained as a very singular and pernliAim; 
fact, until Hnyghens, in 1030, gave an explanation, 
very imperfect, indeed, but dependent upon the in- 
fluence of the same class of physical causes as tint 
suggested by the discoveries of Newton, which 
been published in England before that date, but 
yet received on the Continent. It is 
philosopher that we owe the establishment of the 
nection between the real figure of the earth, and 
length iif the seconds' pendulum in different 
In his researches, also, (he importance of ax 



PHYSICAL AN-D MATt 



_ .jttimste of the magnitude of the earth is first cletrl) 



Atlrawmy in England. 



John Flamstead had already distinguished himself by 
„ two small hut excellent treatises on the " Eq nation of 
__Time," and on the " Lunar Theory." The subject of 
the first of these was little understood by astronomer*, 
till lie thus illustrated it. Ah soon as he was appointed 
to the Greenwich observatory, he devoted himself, with 
the utmost zeal and ardour, to his duties. The tint of 
his long- continued labours is seen in his great work, 
" Historia ('iclestis Britannica,*' containing a vast miM 
of observations, and an extensive and accurate catalogue 
of the fixed stars. He also constructed a celestial atlas 
on a Urge scale, improving greatly upon that of Bayer. 
He was born in l()4(i, and died in 1719- 

His successor in the observatory, Hailey, commenced 
J his hrilliant scientific career at an early age. Hi' flnl 
" work was that of observation of the star* in the 
southern hemisphere, for which purpose he undertook 
* a voyage to 9t. Helena in 1676. He resided there a 
year ; but the climate was singularly ill adapted to as- 
tronomical observations : nevertheless, so great was hi* 
ardour, and so indefatigable his industry, that he Hue. 
ceeded in making a survey, though necessarily very 
imperfect. He also observed a transit of Mercury over 
the sun's disk : this rare and interesting phenomenon 
was connected with one of Halleys most happy apecu. 
lations, and which lias gained him most deserved cretlit, 
— his method of determining, by observations of these 
phenomena, those important elements of the aolar sys. 
tern, the parallaxes of the planets. We must briefly 
explain it. Parallax, in general, signifies the change in 
apparent position of an object, owing to a real change 
f position in the observer. To two observers, one on 
e surface of the earth, the other at its centre l.u;.. 
ising it of course transparent), the sun would be re- 
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f parallaxes. This of course assumes tin; truth 
_f Kepler's law; but (as in almost all astronomical 
ing) the approximate values are assumed as a 
in which to obtain the more accurate. Now, when 
*Ve have given the difference of two quantities and their 
u!\„. i! r L -i|iiircB only the solution of a simple equation 
a find the actual ptonUtitM them selves. In this way, 
' en, the absolute parallaxes of the sun and Venn* may 
: found, and, consequently, their actual distances : 
; those of the other planets follow by means of 
Cepler's law. 
Such was the idea started by 1 1 alley. From this one 
on he proposed to conclude the dimensions of 
1 the planetary orbits ; and the observation in question 
i kind admitting of the highest degree of pre- 
cision. The phenomenon, indeed, is one of very rare oe. 
] currence. Halley, however, earnestly recommended thi 
careful observation of them. The next which couli 
happen was calculated for ITIil ; and, as he could no 
Expect to live to witness it, he addressed to succeeding 
astronomers an eloquent and even affecting admonition, 
"not to surfer so precious an occasion to pass unheeded, 
ut to unite all their efforts to make, and procure to 
e marie, observations at remote stations on the earth. 
shall afterwards see that his exhortation was not 



Both before and after his succession to the observ- 
atory, (in the year 1720,) the theory of the moon 
attracted, in a peculiar degree, the attention of Halley, 
He introduced several improvements in the details, aud 
made some suggestions for perfecting the lunar tables; 

j these we cannot here enter, though they were 
of great importance as affording the practical means 
for finding the longitude by the lunar motions. We 
"1 only proceed to describe his important discovery 

i fact, in regard to the moon's motion, which no pre- 
r had suspected. 
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'hb period of scientific hisiory, which wc have surveyed 
the preceding section, has presented us with a varied 
id busy scene, which, in every department, has ex- 
ibited great advances. In the first instance, the mas. 
t spirits, both of Galileo opening the path of experi- 
ental research, and of Bacon indicating the route to 
i followed ; — in the next, the increasing phalanx of 
n-ir disfiplea, prosecuting, with renewed ardour, the 
tried objects to ■ liifli KHttRtb liul been directed : and 
leir labours, whether individual or combined, all, in 
leir several ways, co-operating to the discovery of fresh 
mrces of information, and the opening of new avenues 
i truth. In tile results of their enquiries, we have no- 
ted certain itii'ntlible indications, not merely in one, 
at in several branches of science at the same time, of 
ie approaches which were constantly being made to 
;rtain boundaries, which seemed to oppose themselves 
i barriers to the further prosecution of research, as 
et insurmountable, even to those energetic minds and 
ctive powers of genius, which characterised so many 
istinguishi'd philosophers towards the middle of the 
eventeenth century. Every thing seemed to indicate, 
ther that the human mind had brought its inventions to 
that point, where, from the finite extent of its powers, 
they must find an impassable limit, and where a 
"ary must be placed beyond which the most ex- 
alted genius may in vain strive to penetrate, or that 
nee was on the very threshold of those mysteries of 
ire, into which there only wanted some ) 
Hied and privileged guide to give her adim* 



We have now to contemplate the grateful u 
ing spectacle of the fulfilment of the latter aiiuript 

Our first section will he occupied with 
of Newton, and some general account of hit (J 
We shall proceed in the second to review the li 
of his successors, who, by gradual improvement! Of 
bis discoveries and extensions of his principles, b 
brought the physical sciences to their existing tt 
advancement. 



His early Progress. 

In the same year as the death of Galileo, tile hi 
Isaac Newton tool: place, oil December 25tl 
the small manor-house, of which his family a 
hereditary owners, though in humble circumstance!, »l ] 
Woolsthorpe, in Lincolnshire. The place \~ 
preserved to this day. Every thing relating to the InV ' 
of so great a man acquires an extraordina 
but as our object here is distinct from that of perwntl 
biography, we must pass over many points 
ture, which we could willingly enlarge upon, and coa- 
fine ourselves solely to those which have an immediate 
reference to bis philosophical progress, and to his his- 
tory as identified with that of science. 

In delicate heidili tVum lis* hirih, lie excelled li 
the ordinary sports, or even studies of boyhood, b 
bent of his genius showed itself in the pursuits ■" 
tical mechanics. While his companions wer 
Idles, he was occupied in investigating [lie fc 
which could be given them, and the n 
point for attaching the string ; 



isplaycd in ■ variety of cuittri va-n. tudi at n 
tchinery, sun-dials, and ■ waier-tJock, o 
i early age At a later period, hli attention "» bur 
orbed by booh*, and he in dcwTibed ■*■ «4cr, «l«it, 
thinking lad :" hut he does not <wn to taw |rf*«» *■» 
ninri to mathematical studies tii! \\e hail i-nnnnad bit 
esidence at Cambridge, where he ww admitted at 
'rinity College, in 1660. under the tuition •( Dr. 



Commencing his (studies with the ' 

je ia said to have taken in the whole, u it weir, 

y intuition, and thence proceeded immediately d) " Dm 
'artes' Geometry." This, together with "M'albVs Aritfc- 
etic of Infinites," and " Kepler's Optics," formed h* 
arliest mnthcmatical course of study: and no doubt 
line powerful mind which could connect, under * 
: point of view, the theorems of elementary geo- 
metry, would soon digest into some uniformity of 
lethod the valuable materials (applied by thr Uit-mni- 
jned works; and the germs of his future mathematical 
overtes were very probably sown in the penuatl of 
e and other writings of that age, ill which «0 many 
r approaches had been made, as it were, on every 
e to the essential principle, of which it was reserved 
o gain possession. 



Analyst* of lA-jhl. 

In ]fifi4, Newton has put it on record that he pur. 

chased a prism •' to iry the celebrated phenomenon of 

colours." But intimately as he was acquainted with 

Tr, Barrow, and consulted, «<, we know he was, by 

ii, upon the publication of bia 

(to which we have already 

* in lfiSB, Newton could not, at 

d at any decisive results himself, 

t have allowed hi- I 

y without remark. Hut it ap. 

it year he had performed bis 




pal experin 



He i 



to bit r 



tire*. I j obtained, without distinctly staring ■*»» » 
is ■ letter, dated February, 1 (j*><f . 

The sup* by which his inves-tigatior 
dearly traced. At the satoe time that he wat &] 
the phenomenon of colours, be was also atta , 
jeriwl lenses of those particular forms to which * 
•Haded, a* recommended by Des Cortes, for c 
light ocrara/r/a (o a single focal point. B. 
difficulties attending this process, Newton ot 
lo perceive that, even supposing the form of the pi 
ever so accurate, there is an inherent defect irisuarti 
the production of colour. This, indeed, in spb*e 
lenses, bad already been noticed : but its Uwi bail a 
been investigated ; and it seems probable that. i« 
case of the Cartesian lenses, the mathematical coaiii 
of accurate convergence which they ought to fulfil, a 
what led Newton to the probable connection t 
refraction and the production of colours, and s 
the hint of differently coloured primary rays, < 
dergoing a different degree of refraction. 

The phencraenon then appeared in lenses ; butiolk I 
prism it would be found in a state of greater develop- I 
ment: this, then, was the " instantia osti 
Bacon ; and this was the case which Newton accotd. I 
ingly selected to reason upon. His whole series «" 
experiments is characterised by the most admirabk 
exempli nation of philosophical caution. A narrow bum 
of the sttn's light admitted into a darkened room, and 
passed through a prism, exhibited on a screen opposite, 
not a circular image of the sun, as it ought to do. if lie 
rays all obeyed the same law of refraction, but an image 
elongated to nearly five times its breadth, and coloured 
from one end to the other by a succession of vivid ti 
passing indistinguishably one into another, but of w 
New ton marked seven principal divisions : i 
ticular point he was guided by some distinctions, 1 
probably appeared well marked to his eye, but which a 
taiuly would not occur to an indifferent observer I 
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possessed with that idea. Most in divi duals, probably, 
iug the spectrum for the first time, would ralbexdis- 
Loguish it into three principal tints, red, yellow, and 
villi intermediate shades. To return, however, to 
in: the first question as to the cause which ing- 
ested itself was, whether the difference of colour might 
tot be owing to the difference of thickness of the glass 
through which the different rays had to pass. This was 
according) put to the test, by causing two rays to pass, 
one through the thick part of the prism, another through a 
part near the edge ; but each ray produced a complete 
spectrum of its own : this, therefore, could not be the 
t suggestion was, that the effect 
night be due to irregularities in the glass ; hut this 
must take place equally in ah* positions of the prism, 
md, in fact, bo doubled, if the light passed through two 
; accordingly, two prisms of exactly the same 
(ere placed together, one being inverted, so that 
they together formed a solid with parallel surfaces, the 
light passing through both, came out unaltered, un- 
coloured, and giving a perfect undistorted image of the 
' is supposition was, therefore, rejected. But the 
rays from the different parts of the sun's dink form a 
mall angle with each other, and their incidence on the 
"i, therefore, slightly different; might not this be 
magnified in the course of two refractions, and so account 
~K the effect? This was simply matter of calculation and 
measurement, and was shown to be utterly 

Newton next enquired whether the rays might not be 
bent into curve lines, after passing through the prism, 
and so, in proportion to the degree of inflection, might 
fall on different parts of the screen, with diffl i. .. 
of obliquity. This was refuted by measuring the length 
of the spectrum at different distances from the prism : 
i always in exact proportion to the distance, and 
the rays consequently strictly rectilinear. 

Having disposed of all these supposi I ions, the question 
vas reduced to narrower limits ; a perfect exemplification 
of the process recommended by Bacon. Newton now 
T 4 



■ - pttmi ■« « 




set 

■.■'^lii— niiL'ht lie l'.\i.il. Hi' n ' ■ c o r .■ I i [ i ur:1 v (''instructed such 
instrument wiih his own hands : and though it was 
r six inches long, it bore a magnifying power of 
; and this, he remarked, was more than 
f refracting telescope, as then made, of six feet could 
:> ; he represented this as " an opitome of what might 
e done." Ami it is in the same letter (before referred 
I in which he describes this telescope to his friend, 
k. Ent, that he alludes to his discovery of the com- 
Mition of light, observing that n refracting telescope, if 
) according to the most perfect theory of those 
5 for lenses which Des Cartes had devised, would 

I scarcely perform lietler than a common telescope, 
ds, he adils, may seem a paradoxical assertion, " yet 

t ia the necessary consequence of some experiments 
which I have made concerning the nature of light." 

II the telescope appeared to be the subject predominant 
his mind. And it seems probable, that although 

s construction was proposed earlier, Newton's 

.a the first actually made. He soon completed another 

f somewhat larger dimensions, which being, by request 

f the Royal Society; sent up to them for examination, 

■a presented to them by the maker, in 1671, and soon 

after exhibited to the king. A particular account of it 

s transmitted to Huyghens, and it has been carefully 

reserved hy the Society to this day. At the same time 

they elected Newton a fellow. 

In 1672, Newton was occupied in the construction of 
l reflecting microscope, upon a principle analogous to 
that of the reflecting telescope. About the same time, 
be also proposed plan tor improving his telescope, by 
diminishing the loss of light at the second reflection. 
This was done by employing, instead of the small spe- 
culum, the tola] internal reflection from the hypothenusal 
aide of a right-angled prism : the light entering perpen- 
dicularly on one of the rectangular sides, being reflected 
it half right angles, and emerging at the other, without 
refraction, was thrown out to the eye glass in the side 
of the tube, as in the former & 
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ided reputation : his discoveries became known on 
Continent, and. though in general due justice wa* 
* them, yet they soon had to withstand an i 
*ant or prejudiced antagonists, bolii abroad and at 



Attarkx I'll the Optical E.rperimtnl*. 

C*ardies, professor of mathematics ui Clermont, die. 
tfl his ignorance by starling the very difficulty 
h Newton had so cautiously examined, before com- 
o his conclusion, arising from the angular magni- 
e of the aun ; and when this error was pointed out, 
sisteii in running into others still more frivolous. 
lus, a physician at Liege, affirmed that the phe- 
ion was due to some reflection of the sun's light 
a cloud, and denounced the law of unequal refran- 
y as impossible ; adding a number of absurd cavils 
t Newton's mode of conducting his experiments. 
Newton, for some time, declined answering any of 
e objections ; but at length, at the earnest request 
" Oldenburgh, he was prevailed upon to draw up a 
>ply. Marriotle and others made objections, because 
y could not succeed in repeating the experiment*. 
s showed evidently, that this was merely owing 
it of proper precautions. 
lie, a friend of Linus, next took up the sub- 
mistook for the real spectrum that formed 
by reflection within the prism, which is coloured, if 
the prism be not equilateral. Lucas, a friend of the 
same parties, at Liege, brought forward tile only real 
and substantial difficulty, by observing that the spectrum 
formed by hh pri-mi, though in all other respects similar 
o Newton's, was nut nearly so mmi, il.ni'jated as Newton 
had found it. 

The discussion of this objection was remarkable, from 

e positiveness with which each party maintained the 

accuracy of their respective results. And it is still more 

'ar, that a philosopher of Newton's extreme caution 



to criticne tilt telescope with unbecoming severilj, ■■ 
at the mae time announced thai be possessed an itifJ- 
Kaae mcdwd of perfecting all kinds of optical in«n- 
Ments, *□ thai " whatever, almost, hath been ia ■«■* 



witt great facility and truttt 
waa, has nerer appeaied- 



and was coosminei 
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adopted. The u 
, been belli «i ■: 
h later times ; b 
)f Hooke in the me a* that of Hijjhfi Be *- 
tempted to make out a theory of thrra' 
ngree with his hypotheats ; but 4k 
he gave, was not more wide dde 
sionsi, than of an; h _ 

tions which would be now eonaadefed ■■rA fen 
His arjruments were chiefly directed a 
which makes Eight com' 
particles, endued with u 
to which Newton had iodined. Ami he I 
accordance with hit own views, that I 
primary colours — yellow and bine. 

Newton gave a dignified refntati— to a 
little deserving it ; and replied to all aadl aaee 
that they in no way affected hit e _ 
sions, which ought to be regarded a* wBtiTy fa 
of any theory of the nature of tight, " 

it' supposing only two pi 
ghens hail been one of the first tt 
Newton's optical discoveries ; ao> 
them as truths,," in comparison with wniefc, a3 taja laaw 
yet been made known are altogether esntici- sod aaaanlt.* 
Yet, fearing probably for bis theory of amdadMasaaa, W 
Boon after communicated to Osdeabaega awaat* aitjas- 
tions which hid occurred to him, and fsaaeaaasssai a* 
make out a theory of the origin of the oaVacn, ana* an* 
with the principle* be had all |Ual It avanara, 
', to have been a apeenlalkai altogether aarwwfty 




s high ability ; and Newton reaped ti 
, but thoroughly convincing I 



laliip between tl 

l wt> the Dorian dread which .\ewtan raos- 

tt of nnmwrn, that he frfc dktW 
, in a fCTlaarry acWe tiaaarw fa, 
■ \ cooing laa It- snaf, H 




* 
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sduced, by an easy process, M# thieknci* of the 
air corretponding t'i tuuj •fin-,, !i,i!. 
colours were neither the name, nor in the same 
» those of the spectrum : they went through Vi- 
»ccessiona of tints, commencing from the centre, 
vtas black ; and this order of tints has been since 

Ily the distinctive name of Newton's scale. The 
at first sight, appears complex ; but when ana- 
>y Newton's penetrating still, it instantly assumed 
anost simplicity of arrangement. If the light 
erfectly homogeneous, — red rays, for example, — 
pearance was that of red rings, with dark intervals; 
e rays were employed, the rings were blue, with 
intervals, — but of emitrurh-fl dimtiisioim : — in- 
diate rays gave rings of intermediate size. The 

then was ohvious : sets of" such riii^s xttptrpoted, 
. give a series of compound tints in no two parts 
y alike, and at no point exhibiting any simple 
•tic colour. 

an analysis of this kind Newton obtained very 
e values for the thicknesses at which any simple 
■ed, for example) gave a bright or a dark space, 
appeared to depend on nothing but the thickness. 
b centre, where absolute contact might be supposed 
e place, darkness was produced : at a thickness a 
greater, a bright space ; a little greater thickness 
a dark space again : a little greater, bright ; and so 
emately, till after a certain thickness the alterna- 

became too close and too faint to be visible ; but 

seemed no assignable limit. 

hat then was the nature of the phenomenon ? it 

>A the natural conclusion to say that, where the 

rtrts appeared no light was reflected, whilst at the 
parts reflection took place, and this was somehow 
ident on the thickness. 

it there was another part of the appearance yet to 
amined : when the light was Iraiwmitltd through 
lenses thus combined, rings w 



jntary to those seen by 



centre *j«t ben? ^ 
ring about it .lark. In other wank 
■far* Of %a< «™ «M rv*<r*.rf a I ' 
mill* , every thing th™ depended «», 
of thee thicknesses. The red r*y, feT ™» 
be H-Heckd or transmitted, accordinc a* it fell 
part of tlR. plate of H i r . or „ ^^ "J 

1 " ' '"■*" ' llli " fli b >" » certwn ^.J 
tat asstgnable quantity. The r» y then pnttrtfvl 
He of ur, md arriving at j tt ],„. 

m «as transmitted: another ray pm 
. itMpw, greater by that extremely minute q 
was not transmitted, but reflected back to li 
There w»s then something in the nature of tb 
■fcich allowed it to be transmitted at the oDt » 
Mk) worthing different in its nature at a puiol ■ 
anptl di;lant from the last by the extreme!? 
iMrreal mentioned, which prevented it beiaj 
whW. and obliged it to be reflected : and this Jul 
Xrfwrmi perpetually at the same intervals. 

5wA ww Newton's train of reasoning ■ be it* 
aW 8 «w a new, peculiar, inherent propertv of 1 
Jwg M wtr tmftmeri*; and to express (h&~ 
*■' owe H ■arure »t those successive intervals, be 
tfeMM * jfc <f ••fjl transmimon or refirttimm 

%t+c* ••> w*tni of calculation ; they wei 

wM> »** IKK *r*tf for the violet, and of 
^lw> R. *. «bers. 

IV *Wk- «aeesligation, perhaps, more ton I 
MWr. »v- *» extreme apparent eomplexitv of 
- ■** h T i •* lhe P»W advantage 
r>af investigation »it 




r accuracy among al] the more rtfiu 

lodern limes. Itut then- it one part of the 
which we may here properly allude, which is 

n reference to the philosophical cliaracter of 
it, how far the existence of lb™- Jttt 
regarded as simply a mode of mill 
v far it involves any bypnthetU. This qurtUca 
i long keenly agitated before the disputant* 
ved the real point in the discusmon to which thris 
i ought to have been directed for resolving il: 
, whether, of all the light falling on the plate of 
j/art villi/, or the iphote, is transmitted or reflected; 
jain, whether the tchok effect is produced at the 
' surface of the plate, or whether the first is 
any way concerned. 

these questions, it might be said, that no m.»n» 
d of obtaining iiny experimental answer to thrra : 
s to both, Newton had certainly made aimmptioiu 
tout positive proof. Those assumptions thru pave 
onclusion the character of being somewhat more 
l bare experimental result or statement of facta; 
was not perceived till very lately. 
e considerations, however, in no degree affect 
laracter of the ex peri mental results, nur il 

n of Newton's determinations of the length* 

! intervals, by whatever name they may be called, 

-, milked by some sort of peculiar slteriia. 

F character, along the length of a ray of light. 

trcme minuteness of these intervals, as well a* 

y peculiar nature of such a property of light, 

s our admiration at the genius which could 

1 in thus detecting and measuring it. 

colours produced in thin plates of air were alao 

o be produced in other media, as in liquid*, by 

g a drop to insinuate itself between the glanca. 

n observed, that the liquid being of gnats 

rings contracted: or, in other 

is produced at a I»s> thick tin* ; 

. to the refractive pown : 






paari ttvmkcc jczjkscoo with i 
««« « :3*r fasa&L He had beei 
>« «a.-a i* i«r«uned with gi> 



h refractive power ; hence he hazarded lite i 

completely verified by modern iIiecov. trfi 

e diamond "is an unctuous substance coagulated." 

It appears highly probable that, about tin 1 period «f 

"-the researches to which we hive alluded, Newton win 

i repeating and varying the experiment* of 

Grimaldi on the inflexion of light before B 

: and most probably before Hoote had eommunictttd to 

the Koyal Society ids experiments, wbich was in 1(174. 

The account of these researches was not published till 11 

appeared in the " Optics " in 1704 ; and lie then ipeah 

of them as investigations carried on long before, and 

put together out of scattered papers. His attention w»s 

directed entirely to the fringes formed externally along 

ihe edges of tbe shadows of bodies in light diverging 

■ from a single point ; and having subjected ihese to very 

e measurements, he framed a theory to explain 

tanner in which the rays might be inflected in 

ising by the edge of an opaque body. He also showed 

curious forms which tbe fringes assume when 

e edges are made to approach each other, so as to 

an aperture through which the light passes : in 

ise the effect is considerably complicated,, cspecialh 

1 the sides of the aperture are inclined to each 

er, which was one case of which he has given a wry 

■ticular account. He has also mentioned some other 

, which are of a nature hardly intelligible, but 

were left, as he tells us, in an unfinished MM 

1," he says, •' to repeat most of them with 

id exactness. ... But I was then interrupted 

now think of taking these tilings into con- 

We have occasion on all grounds to de- 

e the loss of his further examination of the subject, 

lan the probable reason suggested 

r J. Hercchel ; — " doubtless owing to the chagrin 

u his optical discoveries produced to him ; 

reward, it must be allowed, for so noble * 

jf which unhappily, the history of science 

o many parallels." {On Light. Art. 7*2.) 



1 ■•*n lj « . " 



ition, but which ye! (as far u I 
t the molt is concerned), dm t 

i pecsHaritJ in ihe nature nf fight, by t 
extent of modem research. The "Optica" ia ft*- 
hy a declaration, that its design h to explain nte 
" is of light by means of experiment af 
y admixture of hypothesis. In thta respect aloer 
quite a novelty in the age wh*D it apanral: ami 
we compare the true philosophic spirit tine ra- 
I, with the extent, importance, and prtcuaonaf 
tnal results, ire shall be constrained to assign it a 
) the first rank of experimental intestigatttasa. 
o say that in that rank it stands alone. 

Newton* Mntlnmatieal Diieorrrirf. 

tracing the progress of those invention* which 
directed to the object of overcoming thedi - 

elementary methods were incompetent to ■ 

t, we have noticed the improvements t 

by some of the greatest mathematician*. t 

chiefly called forth in the attempts to aoln 

of the quadrature of curvilinear area*, o 

lation of an area equal to that of the curve ex- 

by some algebraical value in simple U 

from its equation. We have noticed the several 

pies which were suggested, but which received 

limited applications ; and the ingenious idea of 

a, of interpolating in the series of known arena 

which ought to hold an intermediate place. 



i of !hc Mttho&t of Srrie* and Fluxvm*. 

along up the subject, which, « 

!' ili<] a-; early as 1665, aoon exl* 



fWtib bjthe 



1 Willi a highly refined r 



eiblcs, would assign the small arc* corresponding to 
i, and ilit' mm of these would give the whole 
■ required. 

" it such methods as those of indivisibles were opcrose, 
d unconnected by any very general principle. 
e fertility of Newton's genius soon supplied tins part 
" e process also, and devised a method which, by the 
cation of certain easy but highly general rulet, gave 
t ready solution of all problems of this natuti. A 
r of Dr. Barrow, iu the collection above referred 
>, mentions, that some years before Newton 
i shown him a MS. treatise, hut would not puhlub 
entitled '• Analysis per iequationes numero termin- 
inlinitas," in which not only were such wricaca 
mployed, but (he general connecting principle and 
method clearly pointed out, though certainly not given 
in precise formal rules, with a peculiar notation- 
Newton first gave to the public an account, though * 
rery brief one, of his method, in the second lemma of 
the second book of his Principia, in IfiST; and the 
precise rules and notations were made known by l>r. 
Wallis, in the second volume of his works, in 1 li;)j, where 
he extracts an account of them from two letters of 
Newton, written in 1692. This method, then, which 
its inventor hat! called fluxion*, was known for years 
only to his friends ; but those friends soon included, by 
means of their correspondence, some of the first rot- 
thematicians of Europe. In the earlier sta^e of the 
investigation, however, the different serieses employed 
for quadratures were the principal objects of attention, 
were soon communicated to some of the moat 



d England in 1673; and, having formed. 

i with Oldenburgh, secretary to the 

la correspondence with him 

t Continent. At the time of his 

;rsant with mathematics ; 

. grasped every subject: and, 

t coon able to enter into those 



topic* which 

awl even in a condition to take a pen in ihed 

i 1674, communicated to Oldenburg* 

f his own. In ] 6~6, Newton, at die 

urgh, wrote an account of his method 1 

1, containing also hi* method of fluxions, 

1 anagram. This was sent ti 

, replied to Oldenburgh by 

of an equally general method 

:nt*d, which he called the differential 

h he gave the principal rales ami notat 
mi of it was first published in the " A 
," in 1684. 

1, while Newton'* method remained to. 
g his friends and correspondents, that of 
was publicly announced, and spreading 
Continent. Two most able coadjutors, the 
>hn and James Bernoulli, joined their talents 
iriginal inventor, and illustrated the new 
y the solution of a great variety of difficult 
cresting problems. Such was the reserve of 

e his methods known or folli 
tnong his countrymen, that the first book w 
eared in England on the new geometryj (as 
" le by Craig, professedly 
rom the writings of Leibnitz and his disciples. 
Thus far, then, the history of these impc 
B il clear. Two valuable and general 
analysis, applicable to tlic solution of the 
f problems, though differing in their notation, 
; mode in which the first principle was coi 
separately ami independently, b 
n and Leibnitz, within a very short time of eae 
first in order of time, 
mblished to the world till long after. Leibnil 
aot have derived his idea from that 

r concealed in cypher ; he discovered 
pendently, 

'* I'rineipia, gave 



dependence of Leibnitz's discovery, itnd ex. 
i favourable opinion on its merits. Leibnitz, 
, seemed equidly willing to admit the claim of 
Leibnitz, indeed, enjoyed the advantage of 
ijl Ins calculus rapidly imp living, and extending its 
lions in the hands of his friends and disciples, 
that of Newton remained in comparative ob- 
. But still nothing like rivalry or hostility ap- 
between the parties. A few years later, we shall 
lis tranquillity strangely disturbed : for the pre- 
e must briefly recur to some general view of the 
ure of the discoveries in question, and then proceed 
jther subjects of discussion, of which so many, and 
of such high interest, crowd upon us at ibis most 
ntfu! period of scientific history. 

General Idea of llir Flni kmul Calculus. 

What we have before said of the methods of infinit- 
mals, ami the attempts at the problems of tangents 
1 quadratures, will have sufficed to show how near 
approach had been made to general principles. The 
■tlioil of serieses is in itself, perhaps, at once the most 
isfactory and the most easily applicable, in cases 
iere an exact solution is impossible : the essential idea 
one which is practically familiar to the mind of every 
s who has even gone so far as to calculate by de- 
nal fractions. The notion of a value carried on to 
y number of places of decimals, but which, strictly 
•aldilg, never terminates, though each successive figure 
obtain brings us, in a tenfold degree, nearer the 
1th, and though we may approach nearer to the exact 
line than to be able to assign or even conceive the 
fference, — this notion, we repeat, is practically fa- 
iliar to the mind of every computor. There is, then, 
thing more than this in the principle of those appli- 
tions of serieses to which we have referred. The 
ijeet and nature of the series is simply to afford the 
of expressing a succession of terms, each formed 
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Xow we h*»e to 
by Kepler, Caxalieri, 
with the new of 

ferring to finite i|uan rides, to tbnae man 
pertks which essentially ioTolred the prii 
■oil, at the same time, contriioi to obtit 

methods approached very nearly 10 c 
fluxions, or differentials. But ahit da 
of the ealeuhu {to gi»e it at 1 
designation), in the generaltiatioit of mc 
reducing the elementary idea to such a I 
ply rules applying to all die objects before 
connect together, by a common principle, 1 
which these objects were attained : and t) 




liiiv! expressed by some combination of algebraic 
hieh receive variable values, dependent told; 
the value successively given to some one or more of 
• simple qmmtities involved, and which are supposed 
vary according to a simple and uniform manner ; 
complex quantity, thus dependent on the simple 
or quantities, is called a funr.tion of tint 
Dr those variable*, if more than one. Wa 
in future speak of a function of one or more 
without risk of being misunderstood. Ac 
to the particular nature of the algebraic coin- 
wliich constitutes the function, it will be easily 
at it will vary at very different rates, a* com- 
vith the variable, which we Bupjiose to increase 
uniformly. To take a simple illustration : the square of 
a quantity is a function of it: as the quantity i« sup- 
posed to increase uniformly, its square increase* In a 
much more rapid ratio. Its logarithm is a"'. 

i, but this increases at a totally different rate. Wee It 
possible to devise any frerier;iJ ; ■ 
ratr. ••}' variation of a function with tl>' 
■iation of its variable f The rite of the function's 
increase was changing at every moment: it could iwvrr, 
therefore, be expressed by any constant Unite rilio t 
but might it not be of such a nature, as to lie ntttfm 
lible of a limit? This wa* the essential j 
>th the great inventors showed, in their Html way, 
the rutin lrtrx in nil Bant* bounded, <l> U kWW, % « 
NO RATIO, ir/iir/l tlli'f/ thufi-it linn: lii ii,. 

Iff the variable. This, in whatever !siik»«K« or 
notation it might be coached, '>r In trhiUvM w»y !•■ 
instrated or illustrated, w»« the great, HMentlal pill 
ciple, for which the world in Indebted to Ibi 
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Mug variou* metaphysical d 
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is of the infinitely small elements the differ- 
linl : ■itflieitiits. 

There was, however, in any point of view, iess ilif- 
culty in Ilie first conception of the idea than in showing 
tx generality, and in proving that it applied to all 
ta of functions. Both its inventors gave a complete 
tem of such rules. This constituted the direct, the 
riowil, or the diffrrentint calculus; the process neces- 
y for expressing the limiting ratio would he more or 
■ long and difficult, according to the nature of the 
rticular function ; but in all cases it could be applied 
t any inherent obstacle. There was, however, 
erte process to be considered and provided for ; 
, what is practically the must important, when 
lions arc given involving fluxions or differentials 
nixed up with other terms which are combinations of 
' e variable, to find the quantity from which such ex- 
it would be derivable, as its fluxion or differential, 
according to the rules before laid down. This reverse 
irocess was in most cases, except a few which were 
versions of the preceding process, very diffi- 
n a large number no method appeared of ob- 
taining the result at all in any exact or finite terms. 
;, however, were the results actually wanted for all 
lost important applications ; here then the value 
ieses was apparent ; here those forms before inves- 
tigated found their proper place in tile system of ana- 
lytical mathematics : wherever the expressions in ques- 
tion could be reduced into a series of simple terms, each 
of those terms separately could be easily made to give 
the quantity which by differentiation would have pro- 
d it, and the sum of all the terms, if a finite series, 
would give the exact value of the whole quantity gen- 
erated, or an approximation to it if the series were ili- 
t yet convergent. This process was called the 
erne calculus, or that effluents or iiitiyrals; accord. 
j to Leibnitz's view it gave the sum of all the small 
lementary parts ; hence the term integration. 
The calculus then took its origin in the attempts to 



r occasion, we briefly referred. The lie* a 

is a singularly happy instance of the uni- 

exact applicability of his metaphor. When • 

icreasesor decreases up to a eetttil 

3 again decreases or increase;, at that point il is 

's obvious tlutt its wfo- 

i of increase or decrease varies up to that point 

is ab/tolutely nothing ; and then begin* to in- 

e again. Thus, by finding the value of tlie quan- 

\ involved which will make the fluxion become 

e find the maximum or minimum. 
mother kind of maximum or minimum, abounding 
robleins of the highest interest, but far more diffi. 
; than the last mentioned, is that in which the 
i itself is required to be found which will be 
atest or least under certain conditions. One 
dass of such problems we have before referred to, as 
known by the name of iso- perimetrics! problem*, Ifut 
the investigation, in its more extended form, exercised 
the talents of the two Bemoullis, and has received froi 
them, and from subsequent analysts, tl 
Investigation. 

In a sketch like the present, it is o 
Bible to enter into any adequate account of the differ* 
branches into which the direct or inverse parts of i. 
ulus extend themselves. It must suffice tc 

t difficult and important, so 

y far the most extensive. One very Inge ainlim- 

it class of problems which it has U 

: which involve two or more variables mixed up 

r differentials in any manner of combination 

, The difficulty here is that of separating 

tie, so that each variable shall stand cora- 

n differential ; but the process is 

f being effected i 

e classes of fath differential equation*, 

red, especially by the 

Bemoullis, and lave mbse~ 

fcrcbet of the must eminent 
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which tended to limit the applica- 
nt impede the progress of the Hnxiona! system, 
■ fondness which Newton evinced for the syn- 
method in delivering his propositions. This ia 
uous throughout the quadrature of curves, and is 
*nd defended in the treatise on fluxions. By 
ical methods we do not here mean the peculiar 
' geometrical demonstrations, but the delivery of 
dts announced as propositions, each proved upon 
ident considerations. This method may be well 
I for the mere communication of elementary 
; but it has this capital defect, that it does not put 
of those general principles by 
the' ttuths iu question were discovered, or by 
e can be led to the discovery of others. Newton 
a fact, to have been guided in his choice rather 
lsiderations of taste than of utility ; for, in the 
," he thus expresses himself on the subject: — 
2 area of a curve has been found and con- 
e should consider about the demonstration of 
construction, that, laying aside all algebraical calcu. 
a much as niay be, the theorem may be adorned 
de elegant, so as to become fit for public view." 
7.) Me exemplified these principles very advan. 
t work ; but whatever may be thought 
1 preference abstractedly, it certainly cannot be 
.niled in point of utility : and unquestionably the 
thus instilled into the English school of mathe- 
s, had, lor a long time after, the worst effect in 
g their energies, and impeding the applications 
calculuB, and the progress of mathematical 

iwst here, though very briefly, refer to that mo. 
a of the same principle of limiting ratios, 
11 adopted with a special reference to cer- 
georoctrical cases, under the name of " prime and 
This doctrine he has fully and ele- 
1 in the lemmas wl." 
kt book of the I'riDcM^Mkere, with 



to consequences of no mull importance •» 

t of these vis a dispute which look id rise 
n of priority between Newton and Leib- 
e invention of the cilculus ; a question for 

■ we hare already observed, it would be diffi- 
oonccive any possible pretext : neverthdcM 
3 soon a tort of jealousy felt between the En- 
tl continental mathematicians, which, though 

of any single rational foundation, only wanted 
»le opportunity to breaV out into open hostility. 
Jjr had the differential calculus spread on the 
at, and so little was Newton's method known, 
i not surprising that throughout Europe Leib- 
uld acquire the sole fame of being it* original 
- The friends of Newton felt that luch an 
on was unjust towards their illustrious teacher. 
*99, Fatio de Duillier, a Swiss mathematician 

in England, in a paper read before the Royal 

thought proper to introduce (though little eon- 
cith his subject) not only a remark on Newton't 

but an unwarrantable insinuation that Leib- 
. derived his idea from Newton. To this Leib- 
Iperately replied, by a simple statement of his 
ginality, admitting Newton's priority. 
70S, a passage in the " Leipsic Journal," in a 
■f Newton's quadrature of curves, though eer- 
lot necessarily bearing that construction, was in— 
rf. as retorting the charge, and insinuating that 
i was the plagiarist. Dr. Keill hastily came for- 
:a defend Newton ; but instead of the simple 
ce to facts, which would have settled the ques- 
s aeal impelled him, in an angry tone, to reiterate 
irge upon Leibnitz, and to attempt to show that 
n's communication might really convey to aha 
nciples of the method. Leibnitz appealed to tic 
That body accordingly appointed ■ 
B the question. They drew a> a 
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Leibnitz proposed it in 171t>. to try the skill of the 

mathematicians. Newton received it in the 

in, and, though fatigued with the business of the 

', solved it before night. 

This sort of intellectual skirmishing was, of course, 

n mixed up with the controversy about the origin of 

Newton's solution of the trajectories was 

at by Bernoulli. Brook Taylor ilefi-nil- .1 it | 

t unjustifiably and Impertinently concluded by 

irking Bernoulli with ignorance in his critique. Ber- 

li revenged himself on Taylor with considerable 

nth. The latter then came forward with a defiance 

i the Continent, in the shape of a problem of some 

ic.ttlty in the integral calculus. Unfortunately, how. 

■, a solution of the whole class of problems to which 

lelonged had long before been given by Bernoulli. 

a blow to the English mathematicians, which, 

lid not long hinder them from entering the 

1 afresh ; and Keill, with equal zeal and want of 

cretion, proposed the formidable problem of the re- 

"uids, levelling his challenge personally at 

mould ; who in a short time replied, that he was 

a solution, which he offered to deposit with 

umpire, provided Keill would in like maimer «nd 

Ki-ill never made any reply to so fair a proposal. 

His antagonist, indeed, had more than suspected him 

of forgetting, that when a man challenges anodier with 

a problem, he ought to be able to answer it himself; 

and thus instantly assigned the true reason for his back. 

mines*, at the same time exulting over hiin most 

nelly, and losing sight of all common decency in the 

invective with which he overwhelmed him. 

e controversy was kept up by many minor attacks 

which do not appear worth notice. We have 

i to exhibit a lamentable view of the weak- 

s from which the highest intellectual endowments 

it exempt their possessore, and we are glad to turn 

i from such a scene. The controversy was not 

illy without some beneficial consequences in giving 






perceiving the value mad forwarding the f 
the new methods. Among these none deserve* ■ 
mentioned with more respect diaa HuTgbeos; 
(though now advanced in life) was among the fii 
mike himself acquainted with its principles ta n 
its difficulties, and to leach and recommend il 

Opponents, however, were not wanting. ] 
a Dutch naturalist and writer of some ability, b... 
little versed in mathematics, aimed the first blow a 

differential calculus, objecting to the notion 

small quantities, in two tracts published i 

wbs well remarked of him that he was unwilling u 

liere In the reality of objects less than those show 

bit microscope. Leibnitz, Herman, and Bernoulli a 

xwrml bim. 

Itolli' was a man of^hja plcasji.ir 

princrptl a 
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powers from the single principle of Uk euiiip"ailM"'B 

tmm. 

The '■ Principia" of Newton, published in ibeaal 
year (considered at present merely in referent* » tfl 
abstract mechanical and dynamical parts), «nw»l 
aaaslionably be regarded in that light alone m omiI 
tar moat extraordinary productions of human ftwrM 
1 an entire revolution in the intchwiil 
In ila introductory part the game goCil 
of equilibrium, of the centre of (rwitj.rtl 
•f la* owchanioal powers, as those of Yirignoo tal 
Walk, are adopted ; but they are merely noticed nirl 
•wniactory to the dynamical enquiries which follow. I 

la that important department, in which the fi(H»| 
«MM had been made by Galileo in examining * 
»*<■ «f rwojectites «"« of falling bodies, 
Aaoe* W wtikd principles the more comprehensive h» 
>m aaseh. the whole system depends. Th, 
*"*»«** as the " axioms " of (he science (not a™* ' 
sarilr t* ftyiaK the notion of self-evident tmttti).* 
Ik. *™. - taw, of mimi." They had been a)r«ai} 
■■■liyiJ by preceduni writers, though, perhaps, new 
yrt espBridy laid down, and distincUy proved u sw 
foundation of tU the subsequent reasoning. Of 1« 
year*, some discussion has arisen as to the precise da- 
racier of these elementary truths, and the philoso)>bje«l 
nature of the evidence on which they are suppotUfl- 
and a considerable difference has existed in the manor 
of viewing die subject by the English and the Freud 
^hall not, of course, in a work like dM 
present, attempt to enter upon such a subject. We stud 
merely observe that the questions which hare 
raised, and the critical improvements which have 
***gg«tttd in the mode of exhibiting these Ant | 
*iples, do not in the least affect Newton's credit, as bt 
t *°*s not state them with any claim to originality, nor 
will the important reasonings which he founds opta 
•*«««• be affected by the somewhat different point <■ 
^-regarded. 



PUVSICAL AND !> 

a corollary to these laws of motion, lie gives the 
nstration of the coin pnsi linn nf fcrci's, which is, in 
the essential principle on which every system of 
namical reasoning must proceed. We must briefly 
to this fundamental doctrine, in order to preserve 
rain of reasoning by which his ulterior on [illusions 
established. 
According to Newton's view of the matter, which 
ie view taken of the laws of motion) lias been can- 
by the French mathematicians, a body is supposed 
have an impulsive force acting on it, by virtue of which 
would continue moving uniformly in a straight 
ie, while at the same time another force acts upon it, 
ing, at every moment of its course, an equal tendency 
draw it in a direction inclined to the former at ■ 
:n angle. It consequently obeys neither impulse 
rely, but takes an intermediate course, called the 
militant " of the two former, and which is deter. 
led by drawing the diagonal of the parallelogram 
two sides of which represent the two former forces. 
; truth of this is made to depend on the laws of motion 
limply, by virtue of which the body retains each of its 
first motions unaltered as to its quantity, and at the end 
of a given time is found at precisely the same distance, 
measured an a. parallel, to which it would have reached 
in the original line, by virtue of either of die first 
forces alone. (If the truth of the result there can be no 
doubt ; but the French writers adopt a different mode of 
proving it. 

Central Foreei, 
It is on the above simple principle that Newton pro. 
reeds to ground the whole theory of central forces. He 
arrives at this doctrine by a very striking application of 
the ancient idea of limits, lie supposes a body to be 
projected in a given straight line, as in the last instance, 
but to take a resultant course from the action of a Dew 
force. At the end of a given time, it has described 
diagonal of the parallelogram, constructed as 




with tklr* proportional to those 
now oantiirue in the diagonal. .11 u 
again defected by • new force, making it ifadi 
■H»il : at ibe end of another intern], kt 
arw defection like place in the suae wit, ■ 
•*wa«h: thin, if all these deflections be « 
■atac aide, tt is obvious that the sneoashe 
w»b tern okr wirmn c sidfs of * polygon, 
■»|ihr ; tad the farces which at each r 
the ■ rfci-tirm, wiB hue directions, which, i 
*™B cat one another at some points within t 
They aiiKi in the same point : if so, it la_ 
k» thaw, that, snppostng the portions of time 
O- iatwVi tanned by these lines so meeting, a 
aaaades.wabealleeao/.aorat. This equal 
then, in eawal nines, is produced when a hodj dead 
canal tnwoi the successive sides of a polygon, 
of an arapaal impulsive force which alone c™ 
it oa aw mi in a given straight line, and tik 
■warhw which acts at equal intervals oft 
at oath thaw chastces both its amount and t 
os at successive intervals convi 
h MO, 
r, would have l)een 





n of the principle 

».u u p n- -a ted by him under a diflere 
rxpTCsstan), be succeeds in making this tl 
raits of the whok system of ceiitr.il forca* 

The Ztmii of such a polygon as we have 
w— it he a rwrri/iiHW pfWa tcrj; and the 
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when we pass from the elementary quantities to 
- limit. This is the only part of the reasoning 
liieh involves any son of difficulty, and this it is which 
i had abundantly provided for, in previously 
(■Wishing those various cases of limits which he deno- 
isted "prime and ultimate ratios." It was thus that 
was led to the demonstration of motion in a curvi- 
linear orbit, within which a certain point was so situated 
that portions of the orbit described in equal times being 
' assigned, though those portions themselves might be 
very unequal, yet lines or radii from them to that point 
would intercept equal teeters or areas ; or, in other 
words, a radius, supposed to revolve about this point, 
" with the variable velocity belonging to the body in the 
" orbit, would swap over equal areas in eqnat times. The 
point with respect to which such a property held good 
waB denominated the centre of force. As the curve, 
" then, formed the limit of the- uniformly described recti- 
linear increments, so tlje action of a force directed to 
this centre, but varying in intensity at each successive 
point of the orbit, was the limit of the successive unequal 
forces acting throughout each, of the rectilinear por- 

In any such polygonal orbit at the end of any one 
side, the other side of the parallelogram was the measure 
■f intensity of that part of the force by which die body 
to the centre. It easily followed from Newton's 
. that the limit of this, in a curvilinear orbit, 
s the amount by which the arc, at its further 
a deviated from the direction of the tangent, or 
t of the body _, rom a rectilinear count ; and 
U evidently be, at any point, the measure of the 
Uof die central force. The limit of the other 
if ih,' parallelogram (which measures the impulsive 
same as that of the tangent to the curve. 
ting ratio between these two forces, is 
a the curvilinear path which the 
idea of this kind, it would 
■efer the extraordinary expression of 




, ami, marked as those singular cni-vex are by m 

uriouB characteristics anil interesting analog)**, 

e applications now given to them were of a nature 

r before imagined, even in the loftiest flight* of tfce 

"ons, and associated them with a v*« range 

e most sublime physical truths. By the happie* 

robination of the anciently established properties of 

irvcs, (and mainly those of the "circle* of rani. 

with his own original methods of ul 

n succeeded in establishing, with the n 

? evidence, the beautiful and highly i 

m, that a body projected in a straight ftn?, <rW 

( to the action of a central force, will rrrote* to 

! of the conic section), if the force eery iarertfif 

mare of the dUt/mre from the foevt. 

Which of die conic sections it will be, depend* upoa 

e actual value of the limiting ratio of the tangential or 

irojectile to the centripetal force. Such is the mod 

mportant dynamical theorem, established H the found- 

n of Newton's system. But the scope of the Princwi* 

lot limited to this. The illustrious author (atlawt 

It his principle into a vast variety of consequence*, lie 

is the laws which, by mathematical consequence, nsM 

x the velocities in elliptic orbits ; the periodic 

n which those orbits are completed; and n lalilidm 

narkable relation, that the squares of the frrimttr 

we, as the cubes of the major axes, the halve* of 

ch are the mean distances, as a dynamical nilliilijlH Mi 

a a law of force inversely as the square of the dk- 

EC The exuberant, riches of the author'- genittt, 

lavished in profusion upon every page of the Principal, 

'e than any other circum stance, will iniprtM 

i (he reader's mind the vustness of that intellectual 

t which enabled him, not only to grapple mica*. 

j with so difficult a subject, but even, as it were, 

, and take delight in going out of the nun 

it path which might have sufficed to cenduci | 

' ular conclusions he especially wanted, tg f a 

Mrahle collateral topics which suggested ii 
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d the distance of the surface from the centre, that is, 

e radius of the earth ; and, squaring these numbers, 

e proportion would he that of the spaces fallen 

in one second, by the moon, and bv a hotly at 

e surface of the earth. If, then, this calculated result 

d with the result actually observed, his conjecture 

i be verified ; arid the very same force of gravity 

t bodies to fall near the earth, would be 

t which causes the moon lo fall, or, in other words, 

e deflected from a rectilinear course, and Id describe 

her orbit atiout the earth. In this calculation, Newton 

took for the radius of the earth that value which re. 

d from the measurement of the length of a degree, 

o the determination of Norwood and others, 

: mentioned, the best known at that time. The 

It of the calculation il'nl mil fulfil Newton's anticipa- 

Hence, with real, philosophic love of truth, he 

I his suppositions to accord with the result: 

'l gravitation is in part the 






e other 






e conspires with it to produce the effect. 

On his return to Cambridge, his attention, as we 

e already seen, was fully occupied with other sub~ 

; and, not having brought bit speculation on gravity 

y satisfactory termination, he carefully concealed 

eas; and probably dismissed the subject from his 

Meanwhile we have already noticed the approaches 
which had been made by several philosophers, but es_ 
' " i by Hooke, towards the theory of gravitation, 
was by some speculations of this eminent man 
» secretary to the Royal Society) tnat Newton's at- 
n was recalled to the subject. In 1679, Newton 
Had a letter to him, in reply to some queries pro- 
d by the society, in which he suggested, that, if the 
ll be really in motion, it would he actually evince 
" e circumstance, that a body let fall from a great 
t (since, by virtue of its elevation, it participates 
n a velocity greater than that of bodies on the surfaci 
y 2 
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down Picard'a value of the earth's radius, he 
■ted home, and, having substituted this number in 
former proportion, utxl pmci-eded a little way in the 
iriv unable to carry it on, front 
overpowering excitement of its anticipated term in - 

lie requested a friend to finish it for hira ; and 
result was, a perfeet accordance of the force which 
upon the tnuon, with the force of gravity at the 

surface, diminished in the exact ratio of the 

of ihe distances. 



General View ofiltn Sjflttm. 

This one grand result sufficed a* a clue to the whole 
lechanism of the planetary system. Newton imvr id-, 
loted himself to follow up the ideas which thin con. 
rion suggested, in connection with the dedn 
1 already made with respect to the dynamical laws 
f central forces. The great inductive lawa of Kepler 
1 shown that thorn relation! obtain, at leant, to a 
t degree of exactness, between the distance* and 
leriods of all the planets, the forma of their orbita, and 
he equable description of areas which, on abstract dyiia- 
nical principles, ought to belong to bodied freely re- 
viving about a common centre of force, from which 
ition of that force takes place, in proportion 
) the squares of the distances. This accordance was 
Inhibited in the system of the primary planets round 
n, and even yet more palpably in the ■mall 
s of satellite* round Jupiter and Saturn; and, 
astly, but not least, in the motion of |he a 
the earth. This last case, in fact, was tie- 
others. Equable description of area., a* Wt nan ob- 
served, was the test or index id' awntnoj i ore*. >'•■-. 
that centre might he an empty point of tpaef I ■ B 

;e of the earth and moon, the OBBtH of fore* was al tin: 
centre of the earth; and that particular phynical pin. 
perty which we find belonging to , 
the earth's surface, urir I winch wc call gravity, or w 
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e gravities, of the matter of which 

i planets are composed. Yet the principle on 

e found, is no other than that by which 

y of the earth's gravitation on the moon ia 

Gravity is nothing else than weight, pro- 

i the quantity of matter ; and density is 

y the quantity of matter and the inagni- 



e principle of the mutual a 
all particles of matter throughout tl 

v of gravitation, inversely as the square of 
i stance, and directly proportional to the mass or 
tiiy of matter, was yet found to be applicable to a 
*"eut class of phenomena, and susceptible of proof 
r facta in the system of the world, of which, 
afforded an explanation. Such were the tides; 
peneral facts of which were investigated by Newton, 
ent to evince, at least, the general ap- 
hility of his principles. He showed that they were 
o the joint action of the sun and moon, and even 
laied the amount to which the tide ought to rise 
i theory, supposing its course uninterrupted by 
, and the depth uniform. No theory, it is 
an accurately agree with facts modified by 
ices so widely different as the actual cases are 
i these suppositions ; but still there i3 a very near 
; between Newton's result and the average 
tght of the tide in the main ocean. 

ie waters of the sea having a free motion, which the 
1 parts of the globe have not, are able to obey the 
stion to a certain extent, limited by 
r terrestrial gravitation. According to the relative 
s of the two luminaries, the resulting effect of 
o attractions, conspiring or opposing, produces a 
or less rise in the waters, as each portion cornea 
vely under its influence ; and a corresponding 
it the opposite point, since the water on that side, 
f farther from the sun or moon, ia less attracted 
, which is thus, as it were, drawn away 



:d to be homogeneous ; and though Newton 
sitated to supply some data of the calculation 
mptions which have been -inte found not al- 
sact, yet, upon the whole, the modern inves- 
give a result differing very little from his, 
kea the proportion that of 230 to 229. 

however, there were rio mettturementx from 
: least hint of any such actual deviation from a 

perfect sphericity in the esrth's figure had 
jested. Itut there were certain facts lately 
which, though not appearing to the generality 
imers Mi have nny relation to such a subject, 
,e mind of Newton, Were instantly associated 

the closest connection. 

;he spheroidal figure it followed, that the in- 
F gravity at different parts of the surface 
different; and would decrease, in going from 
a the equator, in proportion to the square of the 
j latitude. The vihratiutis of a pendulum de- 

ely on the force of gravity : hence, the same 
, near the equator, ought to vihrate more 
an in higher latitudes. We have hefore 
this W38 precisely the fact wiiich had been ob- 
Hicher, Varin, and Des Hayes, and had excited 
istonishment. 

r i nve; ligation, el osi.lv colour], d with this fact, 
tidbits in a still stronger light the surprising 

the geniuB with which Newton was gifted for 
mote analogies, and bringing to bear upon the 
nt, facta and arguments apparently of the 
:ly dissimilar character. 

'e already seen that the successive observations 
iners had disclosed the fact, that the equinoc- 
, or intersection of the plane of tile earth's 
ith that of its orbit, is constantly but slowly 
its position, and retrograding in the order of 
This was termed the precession of equi- 
! the amount of it had been assigned as about 
ds annually. 



But liow could this be connected with piTitttial I 
To ibis Newton replied, by not merely ghon 
which il was produced, but calculating it 
the known laws of gravity, its agreement " 
thus furnished a fresh proof of their truth. 
Newton, the earth were a sphere, it might bt 
inclined, and no action of gravitation would at 
clinatbn. If, however, it were spheroidal, s 
rest with its equator inclined to the plane i 
the attraction of the sun upon the protuberant « 
points would bring it down into the plani 
But if it were in diurnal rotation, the effect of tit 
traction would he insensibly small in actually di 
islung the obliquity, but would cause thl 
intersection to shift slowly in a directiou oppoiiw 
that of the rotation. The mechanical reasoning is son 
what of a refined character, and perhaps not easily W 
dered intelligible without going into greater detail Hi 
we have done. The attraction of the moon had W 
taken into account, its well as that of the sum 

We nave here, for the sake of illustration, sunken 
simple elliptic orhits, and the observance of Kepler'il 
as exactly true. But from the same principle of art 
tion by which, in a general way, they would hold p 
it follows, that, as all the different bodies of the syi 
will exercise more or less of attraction one upon 
other, the Mart fulfilment of these conditions mm 
in a certain cleirree disturbed. As, however, i 
indicates that the eoncidence is very nearly exact, it fu 
lows that the amount of these disturbances is very to 
Newton recognised the existence of such disturb*! 
but it appears that, in regard to the planets, he conce 
it so small, that the consideration of it might be in gen 
safely neglected, ccqit, perhaps, in regard M ,lii|.n 
and Saturn, when near their conjunction.* U'itb re- 
gard to the moon, he saw that the amount would 
much greater. The observance, then, of Kepler'i lain 
would give a certain general ptoof of the truth of i 



nciple of gravitation. But if this were perfectly 
*t, (he principle could not be true. The HtisteOCfl 
Certain deviations was absolutely necessary to make 
t the case. If, tlien, these could be calculated by the 
eery, and the results found to agree with observation, 
most perfect and satisfactory proof would be fur- 
led. But this, as it may well be imagined, was a 
;1 of research of the most extensive and bewildering 
A: the different paths of investigation ti) be pursued 
■e perplexed in the utmost intricacy, and the com- 
tations of the most difficult nature ; Newton, bow~- 
', found the means of overcoming those difficulties, 
a sufficient extent to carry him satisfactorily through 
le investigation of the most important cases. These 
e principally those inequalities of the moon's motion, 
le of which were of sufficient amount to have been 
iced (ns we have before seen) by the ancient astro- 
ners, and which were now ascertained with consider, 
ble accuracy. The grenter phenomena, then, of the 
anetary motions, constituted one class of proofs of 
i's theory. But these would be incomplete and 
nsatisfactory, without those of the second kind, de- 
ved from the theory of " jierturba lions," as they are 
nned. Of these, the lunar inequalities formed tile 
ost conspicuous portion, and which occupied largely the 
tention of Newton. It is true that the investigation 
the planetary system is thus involved in much diffi- 
ulty and intricacy, which would not belong to it were 
restricted to exact elliptic motion ; and there are 
rohably many to whom the simplicity of the absolute 
liptic orbits would afford the most powerful evidence, 
!wt who might turn away with impatience horn the Il- 
ls details of the theory of perturbations. Few of 
lese, again, are of such magnitude as to appear to an 
rdinary apprehension worth the labour bestowed upon 
tern ; nevertheless, it must be borne in mind, dial 
n their successful exposition, the truth of the whole sys- 
n essentially depends. 
Besides the force of the earth, or rather of the mutual 



Htmriwtion of the mo 
■Mtd on by the fun 
ffi (-it'll 1 to hum! the i 
« but have a sensible effect on the orbit of d 
ton then proceeded to estimate the ditfemtr 
5 of the earth and sun, by which the n 
is .iruvted. This investigation, and tlioceMN 
l il (in a collective point of view, 
r theory ■"). the deviations from the regular 
which belongs to an elliptic orbit; 
n of the nodes of the moon's orbit (of 
of its plane with that of the earth's 
nase of the Klgulai motion, and the moot 
e (he points which Newton successfully ir 
Pith raped to some others, many of the data 
means perfectly well determined, on the one 
A the methods of analysis had not yet the 
Si them tor such delicate: enquiries. 
r. Mi "ton's labours, therefor 
j unavoidably such as to leave much for 
»rs to do in bringing them info a more 
«*cl form. Nevertheless, even with t 
i in perfections, his results must be r 
lushing proofs of that intuitive skill which" 
rating these adverse circumstances, enable* 
■ Upon and preserve the clue which, th 
diBcuhlei, brought linn to .some conclusion r 
far from the truth. 

After all that related to the motions of the eart 
moon, and the other planets had been satisfaclw 
vest i gated, there still remained one important ant 
striking class of phenomena, the appearance a 
lions of nmielt, We have before observed th 
apparently singular and anomalous bodies he* 
already elevated from the rank of meteors, eDj 
in our atmosphere, in which the ancients hai 
m. to that of celestial bodies moving thro 
isity of space, by the observat* 
i. Several conjectures had been bro&olk 
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nature of their paths. Hevelius had established 
fact that their line of motion is more curved at some 
:s of tlit-ir course than at others; and had even 
jested that it resembled a parabola, having its 
iex at the point where the comet came nearest to 

fewtoitj seizing this hint, perceived in it a simple 

! of the law of gravitation. The nature of that 

■e might make a body move in a parabola, proiided 

of the central and original projectile 

properly adjusted. Or, again, they might 

so adapted as to cause it to move in an ellipse of 

' great excentricity ; such, for example, that the 

of it which came within our system might hardly 

iibly differ from a parabola. The reader will have 

difficulty in conceiving this, by merely attending Ui 

it we observed, in an early part of our history, 

lecting the mode of describing the conic sections. 

ould then observation accurately confirm the idea of 

■h orbits ? Newton showed, by the example of pre- 

; observations made on the brilliant comet of 1680, 

t this agreement was very close. The observation* 

the position of the comet accorded with the form of 

parabolic orbit, and its rate of motion with the law 

lie equable description of areas. Comets range 

our system from all quarters of the heavens, and 

i di.-taiuvs inconceivably great in the depths of 

e. Hence gravitation extended in all directions, 

to unknown and inconceivably great distances from 

centre of otir world. 

We have thus taken a rapid survey* of the main 

points of Newton's investigations, establishing the 

great system of the world, in a collective point of view, 

as they are presented to us in his immortal " I'rin- 

eipia." In terminating our sketch, therefore, we must 

omit to mention, that, after pursuing the elaborate 

T„ r-.iil.r will, uf ttiune, louk fur the further eiplanalion of ill the 
3 licre reliTrm to, ill their iimju'r pUtx-a in the Tuiiuc on AuTBU- 
, Cub. Cyclo. 



■'! of the mechanism of the ■ 
constitutes the* third book; afttr that beauufii' «" 
l-|.. ■■!■.. i-.: of the entire system of for 
and modify the revolutions of the planets prinmn < 
secondary, Newton concludes the whole wiifi a sill 
application, worthy of the preceding parts of tbeH 
n whicli he deduces, in the direct line of ti 
from the laws of material phenomena, the p: 
existence of the Great First Cause, and the « 
of the divine perfections. 

In the view we have before taken of the p. 
enquiry in the several departments on which d 
veries of Newton shed so new and brilliant a 
have cieariy traced at what point the labours of pr 
ing philosophers had Failed ; and, on the oilier lu 
precisely how ranch they had effected, and Id t 
amount, each in their several ways, they had contrifal 
towards the great work which it was reserved tor N 
ton to complete. 

The mathematical methods of investigation hid hi 
in some measure, prepared by the invention of New 
immediate precursors, and the geometrical truth* »ti 
from the immovable foundation of the whole, 
been established by the ancients. But il. 
of Plato, Euclid, and A poll oni us, and the ij 
of Kepler, Wallis, and Harrow, wanted thei 
principle, till it was supplied in the powerful u 
created by the master mind of Newton. 

The dynamical and mechanical truths contributed bj 
Archimedes anil Galileo ; the laws of motion and it 
collected by Wren and Huyghens ; the notions of » 
traction expounded by Hooke, had been brought tnef- 
ther, but not as yet reduced into systematic 

The phenomena of the heavens, recorded from l! 
infancy of the world, had been referred to certain 1»« 
and order educed out of apparent confusion by the K 
CMWve labours of astronomers ; the magnitude of tl 
enrth had been measured, and computation had I 
ted easy by logarithms. 
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with that happy facility which 
tertsed Newton's genius. 

This, indeed, appears certainly to havr bo 
from the unpublished correspond! 
Cotes, preserved it Cambridge, rel 
tion of tlie second edition of the i; Princlni* 
Cotes superintended. In these letters tile i 
method is almost always used in their mutol 
sion of such points as appeared to mat faa 
nation. It has also been supposed that New 
have been in possession of some analytical pros 
higher class, such as " the calculus of variati 
solving some of the probk-ms which now appl 
" Principia" in s totally different form. Bnt 
it is more probable that, without any such gei 
tematie method, he worked out his way by k 
of investigation peculiar to himself, liardly 
perhaps, to fixed rules, and evincing in tb 
degree the resources of his genius. " L'im 
says Bnilly ", " de cette faculty divine lui a ' 
ir les determinations qui nVtoient pas end 
s; soit qu'il eut des preuves qu'j] a su 
it qu'il cut dans l'esprit un sorte d'esrime, u 
- balance pour approuver certain- 
s ve'rites prochaines, et jugeant les uiies pari* 
When drawing up the first portion of his r 
to aend to the Royal Society, he says (in one 
ters), " I then composed a few theorems ■ " 
using that word in the sense of the old geo'me 
meaning, that, having already discovered the i 
analysis, he now put them into a , 
without which he was unwilling that they s 

It the world. 
'me parts of the " Principia," when 
o entirely to the ancient model, we : 
tig to his readers, and, as it were 
jj» so transgressing, on the plea of de 
,;. " Componi possent harum ass 



aible 
les vi 



utterly offensive 
itions in -iii'li a slat 
ave already had ott 
:ents on this point, v 
mt. In this i 



n =trati mus more rnugis geoinetrico, sed brevitati 

." Often, probably, he satisfied his own mind 

e truth of the conclusions at which he had ar- 

, without thinking it necessary to give them a 

1 demo nstra don at all ; or worked them out hy 

i indirect methods of calculation, which, with 

ir sagacity and address, he could always apply tn 

apparently the least susceptible of such solution : 

: to his (aste to allow any in- 

e to appear before the public. 

laaion to quote his recorded 

with regard to mathematical 

i* also another and more 

aware that he had on 

inds violent prejudices to encounter. He feared 

nnouncement of the tluxional principle, because he 

law it would have been misunderstood, and have 

n open to every species of cavil and objection ; 

had now to announce discoveries, which would 

nly stir up every remnant of the Ptolemaic pre- 

o which there were still some lingering ad' 

ta, but would raise up against him the powerful 

lalanx of the disciples of the Cartesian philosophy, 

tiich now reigned triumphant in the universities. 

Mild then have been highly imprudent to risk the a: 

luncemcnt of his discoveries in a form in which they 

Mild be exposed to double misrepresentation, equally 

i their own account, and on that of the method by 

hich they were delivered. In (he case of almost any 

"losopher under similar circumstances, this would 

■ely afford a perfectly sufficient explanation for a 

\wardness in bringing such inves ligations before the 

; hut when to this we add the consideration of 

»wn peculiarities of Newton's character, it Beeros 

i every appearance of difficulty will vanish in ac- 

iting for his reluctance to publish his system, and 

" "s preference of ibe ancient form of demonatra. 

i, which have afforded bo much matter of surprise 

I speculation. Both, in fact, have been straiurely 
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and most unworthily represented by son: 
writers. B-issut, after justly observing that tlie a 
has been involved in unnecessary difficult} 1 
thod adopted, and referring both to the synlh 
omI the exueme brevity of some of the stai 
led Id suppose, " ou que. Newton, doue" d'uu i 
extraordinaire, avoit un pen trop presume' de la p 
tioii i!e ses lecteurs ; ou que par une faiblesse, d 
plua uTandes hommes ne aont pas toujours e 
av,.,! dierc.lie a surprendre un admiration (. 
eaire accord* facilement aus choses qui 
fmijruem son intelligence." And again, 
vne«kiti!i of Newton's fondness for the I 

■ li a'en servoit pour cacher si n 

. l t'uialvse ]>our se conduire lui-meme." 

Ti will be quite unnecessary to observe, thu 

..r of Newton's conduct and character at 

nqupasrioa of his being influenced bya 

here alluded to, were the case no'tfi 

" •& ry what we hare just said. 



HUtory of the ZKmcwrrfer — rawmerf. 
We have thus far been cursorily examining (be 
>ctt of Newton s researches. We mu St now rec 
the history of their production and publication 

From the period of his renewed and successful 
putation in 16'82, Newton appears <o have bea 
pletely ubborlied in the vast variety of invest 
neec-ary for following up the innumerable 
qiiencea of the great principle of universal era 
which now crowded upon bis mind. •■ IJeoceibrw 
M. Biot, '■ he devoted himself entirely to 
pent of these delightful contemplations-'' an 
■tile two years that he spent in preparing* 
ing the materials of his great vn.r : 
calculate and to think." Lost in ilie 
of these grand obj ects, he often >•■■'" 
his thoughts — ^ 
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ordinary concerns of life. It is said that frequently, 

n the morning, he would sit down on his bed- 

, arrested by some new conception, and would re- 

i for hours together engaged in tracing it (tot, 

lout dressing himself. It is also related, that he 

retimes forgot hi- meals, unless reminded by those 

To tlitise concentrated powers of thought, 

illy abstracted from all external objects, be owed his 

rJIectual conquests. At a later period, when asked 

lat means he had arrived at his great discoveries, 

said to have replied, " By always thinking unto 

And on another occasion, " I keep the subject," 

observed, " constantly before me, and wait till the 

It dawnings open slowly by little and It tile into a full 

[I clear light" And again, in a letter to Dr. Bentley, 

ive done the public any service this 

) nothing but industry and patient 

thought." 

We have already observed, that the immediate occa- 
sion which directed Newton's enquiries more parti- 
cularly to the subject of elliptic motion, was the 
suggestion of Hooke relative to falling bodies. We 
have noticed the approaches already made to investi- 
gating the subject. IVc have observed some of the 
most eminent philosophers acknowledging their inability 
to discover the law in question; and even Hooke, 
though hazarding an assertion, yet unable to give a 

In January, HiS-t, Dr. Halley, on the hypothesis of 
circular orbits, hy means of Huygbens's theorems re- 
specting centrifugal force, had determined the tendency 
in the different planets to recede from the sun ; and from 
the analogies of Kepler he hid recognised these tend- 
encies to be reciprocally as the squares of the dial an ess ; 
so that the force of the sun to retain them in their 
orbits, which must be exactly equal to this, must follow 
E same law. Halley, however, clearly 9aw that this, 
lough true in circular, was not proved for e'lq.-ic. 
i discussion on the sjbjc.t ■ 




Wren and Dr. Hooke, ihe former candidly « 
failure of hi* attempts to invest: 
lik-iii, and offered to make a present to any phil 
who should solve it within two months. ~ 
finned that be had some time since disc 
whole, and was in possession of a complete i 
sttnlion of it ; but when pressed to disclose it, hi 
his intention to keep it secret for some time, ' 
others trying and failing might know how to ti" 
when he should make it public." It appears i 
that Hooke had frequently, before this, stated bu " 
and liad even given some kind of arguments in I 
of them, to sir C. Wren ; but that able ma then 
Ion ml them totally inconclusive. 

Halley, knowing the powers of Newton's gem 

possibly having some intimation that his attention la 

been turned to this subject, went to Cambridge in 

gust. lfi8+, for the express purpose of consulting U 

the question, Newton showed him the solution «t 

whole; and, upon his earnest request, promised n 

it. He was, however, verv slow ii 

■!i!ist> ; and though he allowed Halley to ■ 

Hon to the Itoyal Society that he had such an in 

ligation complete in its essential points, yet he w 

t it for some time, as not considering it ji 

a lit state to meet the public eye. galley p " 

.mil lie -I'liity officially, urged him at least ti 

iHmo-iiv M their register, in order to seciu 

alum in priority. To this he consented; and p 

ill expedition to preparing his manuscript. It | 

\[-il. ItiSti, that it was actually p 

to tlii* Koval Society. It comprised very i 

i if whut now constitutes the first book c 

" Prlncipia," that is, the chief of the abstract •> 

■:■ :.:.'! including its actual applies tit 

■ hi. The reading of Newton's 

.nloii WH followed by somejuet tiieiiiiiiii 

i From sir J. Hoskins, v>\ 

' .r friend a 
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this the latter look violent offence, ami bitterlj Be- 
lied tile vice-president of not having done him .justice, 
recording his own prior discovery of the same truths. 
let the meeting, Hooke publicly declared to the 
embers, not only that he had made the saint djSCOWTfj 
tut that Newton had derived the solution of it, at least 
part, from him. We have already seen enough to 
i what ground there was for such a pretence ; and 
e general opinion of the members of the Koyal Society 
ipeare to have been unfavourable to Hooke's claim, 
alley communicated an account of what had taken place 
Newton, who wrote a temperate and complete reply, 
t before his letter was sent, receiving a different, 
I, in fact, exaggerated account from another friend, 
i 1 hitsiily itddcd a very severe postscript. No sooner, 
wever, was he assured in reply by H alley that his 
murks ware stronger than the occasion really de- 
mded, than, with his usual candour, be apologised, 
d suggested the addition of a scholium (which now 
" l the Principia), acknowledging that in cir- 
ular orbits Wren, Hooke, and Halley, had already 
>und the law of force inversely as the squares of the 
listances. This happily had the effect of putting an 
ud to the dispute. 

The council of the Royal Society ordered a letter of 
thanks to be addressed to Newton ; and undertook the 
g of the whole, as a separate treatise, at their 
own expense. Newton, on learning this determination 
rom Halley, was still desirous to improve further upon 
lis work before it was printed : and though he had 
completed the third book on the system of the 
world, yet he detemtoisd to nipple*! it- " Philosophy, 
le says, " is such an impertinently litigious lady, that 
a man had es good be engaged in lawsuits as have to 
do with her. I found it bo formerly; and now I can 
her again, but she gives me 

In replying to this letter, Halley expresses regret 
t Newton's tranquillity" should have been thus dis- 




Cuxt»d by envious rivals, but implores 
him, in the name of the society, and I 
•rifnet, not to persist in withholding th 
" rtpi'iially," he adits, " as this will he the ram 
(Treating, ami by far the most popular part nf a 
:.l will render it acceptable to those trbo >l 
taelvea philosophers without mathematics, »' 
art much the greater number." Newton, thus u 

ilo otherwise ihan comply. The « 
•« com muni cated in March, 1687; the third in A 
next month ; and the whole published in May & 
■uw y«r. under the title of " Philosophic Natiini 
Mithematica." The first two books bear* 
De Hutu Corporum ;" I 
thin!. that of " Ue Mundt Systemate." 

fbnvption of the Syttem of Gravitation. 
The nrcwptiou which these brilliant discoveries n 
with was that which they so justly merited I 
ibuw who kck really capable of appreciating tj 
but when we *llow lor the real difficulty of ihi- sti p 
mid the furcc of prejudice on ti 
other, mv Ji'tli not be surprised to find the numbe 
Nnut taUowera at first hut few, and the 
■ 

M berure observed how extensively the C 
. -r.iu at this lime prevailed, and how f 
i. . i , .hi. iK'h.il itstlf in the strong-holds of 1 

. n, independently of this prepossession, 
of N'ewton pointed a vast extent of ide 
wholly new to tile apprehension. Then 
were almost totally unprepared for such n 
,i central threes, even in abstract concej 
, l.'hs when connected with the idea of a pi 

I, The great masses of the planets a 

. space, and retained in their orbits k 

.,, residing in the sun, were co 

from uuMkjng to which phi 
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>phy had hitherto been accustomed, to admit of their 

ing received without hesitation and difficulty ; am! so 

Jllire was tile absence of all association with any thing 

ts yet understood, that it was not to be wondered at if 

■en the force of demonstration should fail in securing 

e adoption of conclusions so unexpected. If we add 

o this the circumstance, that the establishment of the 

was unattainable by any previously existing 

methods of mathematical investigation, and that they 

id to be carried on by anew sort of geometry invented 

r the purpose, and which even, when, with all New. 

n's skill and admirable taste for the old synthesis, it 

ad been accommodated to that style and language, in a 

ay which any other geometer would have" shrunk from 

tempting, was in itself open to considerable appearance 

'objection, and involved in some obscurity; — - putting 

these considerations together, we repeat, the slow and 

limited progress of the Newtonian philosophy will not 

"ie matter of wonder. 

To the continental philosophers, in particular, this 
* cumstance operated as an obstacle, perhaps, in a 
stronger degree than with those of England. Nor was 
the former consideration without its force. 

Leibnitz, from his own peculiar metaphysical views, 
felt great objections to the Newtonian ideas of gravi- 
tation, which he considered as a revival of the occult 
qualities of the jieripatetics. Vet, admitting all the 
ultimate conclusions, he sought to establish them on 
principles of his own. 

Huyghens was unable to admit the mutual attraction 
of all particles of matter, though he saw that the law 
subsisted between the planetary masses. .John Bernoulli 
opposed the whole system. Cassini and Maraldi were 
quite unable to appreciate Newton's demonstrations, and 
continue! to calculate the orbits of comets on the mo6t 
infounded hypotheses. Fontenelle continued a decided 
'an to lite end of his life. Mairan was, perhaps, 
one of the first instances of a convert, after having for 
a considerable time continued to adhere to the vortices. 



The chevalier Louville common icated a 

Royal Academy of Sciences in ] 720, which was ibM I 

in tl.c-ir collection in which the Newt ,1 

we recognised, though not to their fuUextoot B'ft 

amle introduced the Newtonian system i 
universities at a somewhat earlier period, 
became a convert during a visit to Eng] 
and in I'M published a philosophical 
' J Figure den Artres," in which he defeni 
perty of attraction from metaphysical obji 
Objections, iii fact, of this class, seen 
among the most formidable which the notic 
hid to encounter. It was alleged to faa a 
absurdity, as amounting to the assertion 
acts where it is not." But the disputants 
ceive that this proposition is only absurd 
Hood according to a particular interpret! 
terms ; and that it is no more than is literally the 
in respect to almost every species of physical * 
since we have reason to believe that no bod 
actually in contact. 

The philosophy of the age was still . 
thnt sort of metaphysical realism, which 
adopt a name simply 10 stand as the symbol forageiwal 
class of facts, without supposing some la:, 
to causation in the mystified sense then attached 
term. If told that gravitation was nothing but d» 
general fact of a tendency of bodies to approach ask 
other in proportion to the mass directly and the squid 
of the distance inversely, a phitotopher of that perio 
could not recognise this as worthy the name of phi- 
losophy, unless such an announcement was undenteod 
as also conveying some reference to a latent something, 
he knew not what, by virtue of which the effect 

produced. Notwithstanding all Newton's cure and 

lion, in warning the readers of the Principia that be 
meant notliinjj^^e than he expressed, and that, when 
he iisui I sui^fP^^tatatt ruction and gravitation, he <ru 
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their most generiJ forma, — yet it was evident Out 
s readers were in general little prepared for any moll 
m pie and intelligible philosophy as this J indeed, men 
e hardly yet able to believe that any thirty intelligible 
ukl be true philosophy. It seems highly probable 
at it was much more in the view of tnl Wring Ml 
mething which might accommodate itself to the taste 
his readers, than of satisfying himself, that Newton 
oposed certain conjectures about an ether which might 
supposed to till all space, and to be somehow the 
f communication of that sort of action which 
s gravitation. It is surely precisely in this 
int of view, without pretending to decide any ihing as 
the preference for the several hypotheses, and clearly 
h an equal disregard, on his own part, for them all, 
t he says so explicitly *, " The term gravity I here 
in general to signify the tendency, of whatever 
ure it may be, of bodies to approach each other; 
whether that tendency arise from the action of the bodies 
mtually seeking each other, or by emitted exhalation* 
initially agitating each other; whether it originate from 
f an ether, or any kind of aerial medium, 
orporeal or incorporeal, impelling bodies Boating in it 
ontinually towards each other," Thia, at well m fed- 
eral other passages in his writing!, clearly the* that 
.'ewton, tf he adopted any such idea.*, treated them m 
■ conjectures, the images with which hit fancy 
sometimes amused itself; but he alwayi carefully and 
resolutely kept them apart and diilinct from all mi 
philosophical conclusion!. 

Another question not a little agitated at thai thne wan, 
whether gravity lie an infirrtnt property *A I 
lost other of tho*e W 
jnatcd as metaphysical, wai not ; 
wholly upon the definition of the ten 
roperties of matter ate known r t tif t try d 
ae are inherent but thonc wbith, by *' 
- it and unrrefaeL U «k 
a to be true of gravity, the* a m tnht 



rf ■**? at tt^r **h as 



iio» em the C«jOQ«Jt, it • 



XewM pre, u parts of the oo 
■■rial chair, lecture* on the An 



■i ■Itini the fact; aad that he I 
the tine, without ai mil underaar* 
be readily eoocared. without ant 
t» the kenier or auditor: the an 
and ritde susceptible of illustrati 
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e they were generally understood or admitted. 
" i Itigt, Dr. Samuel Clarke, then an under- 
kept the act for his bachelor's degree on a 
g the l'rincipia. This proves that the new 
re then recognised by the university. And, 
>97, the same distinguished individual published a 
v edition of the popular and standard treatise, " Ro- 
's Physics," to which he appended acute and ela- 
rate notes, tending to the direct refutation of the 
n doctrines of the text, and thhs insinuating the 
v philosophy under the protection of the old. After 
s period the Newtonian system became generally read 
1 adopted in the university. A knowledge of New- 
f discoveries, as well as a just appreciation of them, 
a very early to have extended itself to Scotland. 
1 a journal kept by his contemporary at Cambridge, 
fr. 1'ryme, we rind it mentioned, in 1 1>92, that Newton 
1 before that time received numerous congratulatory 
1 his l'rincipia, " especially from Scotland." 
1 the Scottish universities, the system of gravitation 
I able and Healons supporters. It was taught by 
s Gregory at St. Andrew's, and David Gregory at 
dinburgh, prior to 1691. In that year the latter was 
removed to the astronomical chair at Oxford, and was 
introduce the study of Newton in that 
university, that it is expressly mentioned by Whiston, 
'* he had already caused several of his scholars to keep 
acta, as we call them, upon several branches of the 
1 philosophy ; while we at Cambridge, poor 
retches t were ignominiously studying the fictitious 
hypotheses of the Cartesians." Dr. Keill soon after gave 
public experimental lectures in Oxford, in which, Des- 
aguliers informs us, " he laid down very simple pro- 
positions, which, he proved by experiments ; and from 
these he deduced others more compound, which he still 
confirmed by experiments, till he had instructed his 
auditors in the laws of motion, the principle* of hydro- 
statics and optics, and some of the chief propositions of 
"r I. Newton concerning light and colours. He began 
n Oxford, aboutj^ear ] ' 04 Dr ' 1^5, 
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a what «r bm mlre*l J seen of 1 
I b wwiifi 1 1 how 6«Hv bis time ma;: hiTt 
[ fna the yew 1665 to 1'iST. But it. 




I that his 

a variety of other studies, and that wo have 
irideiice of the laborious application with which he 
rsued thein. At a later period lie produced a system 
t chronology, constructed with great research, 
Hiy from the indications, in ancient history or tra- 
ditions, of eclipses, the position of the equinoxes, and 
r astro nomical data, from which he eak 

This, he expressly says, was drawn up during 
s residence at Cambridge, he being in the baWt "I 
"■eshing himself with history and chrODob 
a weary with other studies." We have, besides 
testimonies, that of the journal of Mr. Pryme, who, 
92, speaks of him us a person " mighty famous 
s learning, being a most excellent mathematician, 
philosopher, divine. Sic." He had, therefore, been en. 
in theological studies long before this lime. Hi* 
,1 dissertation on the genuineness of two passage* 
e New Testament, and his commentary on the pro- 
fs of Daniel and the apocalypse, were not published 
1 many years later ; but they are both referred to, as 
n which he had been some time engaged, in two 
etlera to Locke, in Ifjgi and lGi)2. 

[ewton had always evinced a taste for chemical ex. 
ments. Imperfect as that science then was, and en- 
y destitute of all fixed principles and defined terms, 
■e were yet many parts of it of practical importance, 
and which, at the same time, were to be investigated 
only by trial : such was the subject of the composition 
aetallic alloys, valuable to Newton, with reference 
to the construction of specula for telescopes, anil on 
t he had been much occupied. He may also be 
lered the first who threw out hints of tile exiat- 
of " elective attraction:" but, perhaps, the most 
~~i of his researches of this class are those 
inspecting beat. He ascertained, by several ingenious 
"s, the temperatures at which certain marked 
, especially melting, took place in different sub- 
; and these being found absolutely invariable 
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•kit it Mi gives, in the third book 
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oW vat of qserie* and conjectures. 
We oanawt bere ooiit a bri ' — ' 
NWtM't timwil bixsory, w 
- It is I 
i of 

upaBted bj iberrtdljl 
some effects of which on bis faculties, i 
posed, went never totaH* obliterated. 

e has bfto ruUecttd, and cJoscIt serati- 
ear. Newton's lectori, if 
'. betray an unhappy state of n 
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F his illness, am! alleges it in excuse for the expres- 
n the preceding; lie says, that it t had prevented 
s sleeping fur fire nights together;" and again, that 
r slept well for a twelvemonth, 
r had his former consistency of mind." 
His friend, Mr. Millington, in a letter (Sept. lOpS) 
a reply to express enquiries about his stale of mind, 
ys, that liis illness had left him, " under some small 
ie of melancholy, hut yet I think there is no reason 
) suspect it hath at all touched his understanding." 
Ir. Pryme, on mentioning the burning of his papers, 
i, that " every one thought lie would have run mad; 
o troubled thereat, that he was not himself for 
a month after." Lastly, we have a version of this story 
in a diary of Huyghens, aa told him by one 
a which the case is described in terms expres- 
e of absolute aberration of mind. 
This second-hand testimony, it must be observed, 
•>nly dm: which mentions any actual insanity ; 
but it is obvious that the circumstances would not lose 
in repetition, and we may reasonably allow for some 
exaggeration : the plain facts are sufficiently clear from 
the evidence of Newton's own letters, and the positive 
it of those who knew his case intimately; nor are 
they difficult to account for. We have seen enough of 
""^wton's constitutional character to perceive throughout 
: certain indications of that morbid sen si live nets, 
which is so often closely interwoven with the finest 
texture of genius. This, acted upon by harassing iU- 
, the distress arising from the loss of his papers, 
and the annoyance lie appears to have felt about this time 
at the attempts making by some friends to procure 
court interest in his favour, was but too easily exacer- 
bated into a state of hypochondriacal irritation, which, 
for the time, interfered with the full exercise of his in- 
tellectual poners, but souii (lis.ippi'iiiei.l with the return 
of bodily health. 

As to any supposed permanent ill effects of Newton's 
malady, all that is alleged is mere presumption, from 



hi* not subsequently engaging in jn» 
researches ; an inference obviously (mm 
were the assumption correct, which, «, 4 

But deeply interesting as euch a question t 
from iis mere connection with the personal hi: 
great a man, it has acquired an additional i 
from the bearing it has been supposed to bite li 
character of some of his writings, and the tone 
opinions. Laplace is said, to have dwelt much m 
mot t unfavourable version of the circumstances, hi 
ence to Newton's theological writings, which be& 
sinuated were the production of a deranged, or I 
weakened, mind ; thus indirectly at! 
religion- to which Newton's name was 
powerful a support. Biot in defending Laplace, tl 
positively denying one circumstance, yet up 
wliole rather seeks to smooth down than to 
the allegations. 

Now, we have already noticed the dales <.>!' s 
Newton* theological speculations, which places' i 
beyond the reach of any such insinuation. 
brated four letters to Bendey, on the existet™, w 
Deity, were written, the first probably before his ji 
and the others within a short time after, or even i 
the very same period. 

M. Biot has, indeed, given a singular turn 
explanation ; and endeavours to show the compal 
of rational, and even eloquent, composition with 
aberration, for which " 

Hni the eases are n 
afcrtrusc argumentative discussions do 
,*„. smallest degree of the character belong'jng 
F insanity. Nor can any one fail tt 
ib<w U'llers to be the production of a man in t 
... of an acute understanding. The dates 
\j^gg productions, before referred 

I extend the same remark to them ; 1 UM „-| 
merits of their arguments, they 



t nothing like the reveries of a visionary, or the 
nations of an eat&tlMMt. 
a fact, any one who studies Newton's character must 
■-, that from the first his contemplative turn of mind 
iched him to religious meditations, and to the study 
of the Scriptures ; and whatever may be the variety of 
opinions with respect to the merits of his theological 
speculations, there can be but one as to tile steady and 
r:itiim;il character of his piety at all periods of bis life : 
sod so far as the authority of a name may avail in such 
a case. Christianity may certainly boast the accession 
of such a champion to her cause. 

Bui, subsequently to the period of his illness, we find 
Newton from time to time engaged in various philo- 
sophical researches. Tlis scientific employments during 
the last forty years of his life, were doubtless thrown 
into the shade by the overpowering splendour of those 
discoveries whose collected effulgence shines forth in 
bis earlier years ; and, in fact, seems to have blinded 
some writers to all perivplinn of his subsequent philo- 
ical labours ; from which they represent him as 
asing altogether during the remainder of his life. 
' a 1694, we find him in communication with 
i on the subject of the lunar theory, and pur. 
the comparison of it with his observations, 
tr to its more full developement : and we 
e before mentioned his solution of the trajectory and 
rt problems ; which alone would have sufficed lo 
a high mathematical reputation on any ordinary 

a 1(>.95, through his friendship with Mr. Montague, 
wards earl of Halifax, Newton was appointed 
n of the M'mt; and in 1C99, master of the same 
t.^ibli-liiiiuii. In this situation, his chemical and 
mathematical attainments were directly applied to the 
practical service of the country. The duties of these 
which he most conscientiously discharged, 
mid probably have interfered materially with his 
a any extensive philosophical work. Nor 
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»me ascribed to ihe author, and by others to the editor; 
■xitl has been represented as showing a pitiful hostility 
■gainst Leibnitu in retracting the acknowledgment of 
xIb claims : it is forgotten [hat it also contained the 
"ecord of his own priority. The real motive was 
obviously the dislike he felt of all reference to the 
subject, a= well as the consideration that it was not 
essential to the work. 

From all we have seen of Newton's disposition, it 
Was, perhaps, little to be impeded that he should have 
stood forward as one of the defenders of the University 
privileges against the encroach men ts of James I]. in 
H8? ; and that he should have subsequently represented 
the University in two parliaments, is more a matter of 
surprise, than that lie should have failed in the election 
of 1705 : he was evidently little fitted to take a part 
in the miserable turmoils of political life. But though 
not in parliament, he was on one occasion engaged in a 
public measure more allied to his pursuits. 

In 171*, on the strong representations of a petition 
from various merchants and navigators, the House of 
Commons appointed a committee to examine the pro- 
priety of a measure for giving rewards for the discovery 
of the longitude at sea. Some of the principal men of 
science were examined before this committee, and 
Newton among them. On this occasion he delivered his 
opinions in a written paper, which, though drawn up in 
a brief style, is perfectly clear to any one at all con- 
versant with the subject. In it lie states the different 
methods proposed, and the practical objections to them. 
Of the method by a watch to keep time exactly, he 
simply says, ** such a watch hath not yet been made." 
That by the eclipses of Jupiter's satellites he considers 
impracticable at sea : for that by lunar observations 
he conceives no existing tables exact enough ; and a 
fourth plan, then proposed by Mr. Ditton, seems to have 
been merely a sort of mode of keeping an account of the 
ship's course rather than finding the longitude ; which 
nevertheless might be in some cases resorted to. 






Newton read this paper as his evidenc 
mitwe. WTiiston (wlio was also one Ol 
examined) says, that nobody understood 
sitting down he obstinately kept silenee, though f*f" 
to explain himself more distinctly ; at last, tliintin,; t 
ae-heme was likely to be rcj.c ted, IV'liistonve 
th»l Sir Isaac was afraid of compromising; 
really approved of the plan ; and Newton rept ' 
same declaration. The committee however reeoB 
the measure ; which was finally carried, and led to* 
formation of the Board of Longitude, the tribuwl t 
which all projects on this important subject wert 
ferred ; by which numberless extravagant and fsltid 
schemes were exposed and rejected, and those dtsen 
attention subjected to careful examination, and iff" 
meritorious, in proportion to their clai 
commended as worthy of national reward and tiumir; 
ment. The public utility of such premiums is 
obvious to need remark ; nor is the necessity for i P 
petent and disinterested tribunal less manifest, tod* 
upon their merits. To recount the actual adv*nO| - 
which the country has directly received in dii 
tangible shape of practical utility from this i 
belongs to a future period of our history. 

But to return to Newton : his conduct on t 
easion mentioned has been represented as wei 
puerile, and tending to confirm the belief in the i 
aberration of his mind some years before. The id* 
facts, however, show nothing of this kind. Th»I 
paper should not have been understood by gentlemen 
the house of commons at that period, is not at i " 

prising; and that, in giving evidence before a cl 

tee, he should scrupulously wish to avoid in any « 
committing himself, would be but natural in anv a 
and still more so in a person of Newton' 
reserved disposition. It would almost seem as i 
liiot imagined him on this occasion to have been m 
lember in the house, in wliich case his cm 
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night have been thought singular ; but when we 
:t the actual circumstances, it must surely appear 
i very different light. 

i the appointment which Newton held, lie was 
arily introduced at the court of George I., where 
t and general reputation procured him, not 
el)' tin- favour nf his soiercign. but time species of 
i and respect, which was the due homage 
. by the highest rank to intellectual pre- 
lce. This was [icculiarly shown by the high 
i in which he was held by Caroline, princess of 
; (afterwards queen), whose highly cultivated 
taste inclined her to the study of philosophy, and who 
took a particular delight in conversing with Newton 
and corresponding with Leibnitz. Jt was in the course 
of this correspondence that Leibnitz took occasion, not 
merely to object to the doctrine of attraction, as physi- 
cally and metaphysically untrue, but also to attack the 
principles of Newton's philosophy, as involving mate- 
rialism, and being injurious to the cause of religion. 
Absurd and unfounded as such attacks must have ap- 
peared to any one who had looked into Newton's works 
with the smallest portion of common candour, and eaaily 
as in this instance their motive might lie suspected, 
yet these insinuations having become the subject of con- 
versation at court, the king expressed a wish that 
Newton would reply to them. Reluctantly (as we can 
well imagine) he obeyed, contenting himself with taking 
the mathematical part of the question, while he entrusted 
the metaphysical to his illustrious friend, Dr. S. Clarke. 
In 1718, at the reyuest of the princess, and for her 
perusal, he produced the abstract of the chronological 
enquiries he had formerly been engaged in : but, with 
the fatality which seemed to attend all his works, an 
imperfect copy of this got abroad, and was published 
surreptitious! y at Paris, whence another controversy was 
excited, into which we shall not enter. It led to his 

sequent enlarged work on the subject, which was , 
lublished after his death, in 1728. 



The last twenty years of Newton's life I 
almost wholly in London. In 17'22, and the 

years, he suffered from several attacks of " 
1725, from gout. But in the intervals his 
verted occasionally to philosophical topics ; and 
on reeorda remarkable conversation held within* 
Mr. Conduit, after his recovery from the 
tioned attack, in which he developed seven 
apecting the nature of comets. Hut his time I 
occupied with the study of the Scriptures. On 
of February, 1727, he imprudently attended* 
of the Itoyal Society ; the fatigue brought on I 
of his former attacks, which were pronounced ti 
calculua. After several returns of pain, with 
of ease, he became insensible on the I 8th of Ml 
died on the 20th, in the 85th year of his age. 
His body lay in state, and a public funeral I 
in Westminster Abbey ; where a handsome n 
was afterwards erected to his memory. 

JVcw/on'/i PhilMopliieal Character. 

The remarks which we have made, as 
required, in the course of the review of New 
coveries, will have sufficed to point out tin 
peculiarities of his character, and the distinguish 
tures of his method of philosophising. In the 
we have had abundant opportunity of oh 
singular combinations which were unquestiona 
nected, in the closest manner, with the powers « 
pre-eminent genius with which he was endowed. 
of these have, till of fate years, been little k 
remarked ; and it is not surprising that the' 
have been misconceived, especially where a tl 
concerned in the view taken of them. The 
repugna nce of Newton's mind to the publicatk 
s anil disgust which !m 
than <^^| ^■"f feeling towards scientific 
i of his mind tow 
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mystical fancies," as be himself BiUi them, in which 

I lighted to lose himself ; the "refreshment" he found 

■ the driest details of ancient chronology; his excessive 

iribilky to the annoyances of conlroversy ; his prefer. 

uiquitlity to every other consideration; his po. 

e determination, on more than one occasion, to give 

■ all scientific labours ; his constant refusal, during 

e later years of his life, to answer enquiries put to him 

natliematical subjects, which In? always met by refer. 

"le enquirer to other mathematicians, especially to 

""ojvre, who, he observed, "understands those 

etter than I do;" and lastly, what we mimt 

inreasonable disparagement of his own disco- 

■ the remarkable declaration, — "I know not 

tat the world may think of my labours, but to my. 

ims that I have been but as a child playing 

ea-shore ; now finding some prettier pebble or 

3 beautiful shell than my companions, while tile 

inbounded ocean of truth lay undiscovered before me:" — 

•.stances in which some of the marked 

>eculiarities of his character were developed ; and these 

s put together cannot but strongly impress 

s with the belief, that such peculiarities were, by some 

I those unknown links and mysterious sympathies 

'is phenomena of man's moral and intel- 

ectual nature, intimately wound up with the operations 

F Newton's mighty genius, and connected with the 

ise of those surprising faculties which enabled 

o comprehend in a single grasp the most extensive 

:es, and to bring together in the closest union the 

widely separated elements of truth. In the facility 

frith which he seems to have surmounted difficulties, 

almost unconscious of their magnitude, we may, perhaps, 

explanation of the little value he was led 

o set upon what he had done. Celebrity attended him 

; and, had he cared for it, his morbid reserve 

I than counterbalanced the desire for fame, and 

Induced him to keep his discoveries private. 

It is characteristic, perhaps, of a genius of the highest 
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lofty excursions, and attanu i 
bya method which Menu to itsi-If" 
ous investigation, but which (o others appears ii 
J t follows a train of reflections obv' 
hension, anil, therefore, supposes it is only foil* 1 
train of obvious reflections. What to genius 
mere ordinary thinking, appears to ordinal v 
inspiration of genius. 

Of this class was the mind of Newton 
plished his great discoveries almost unconscious of tWt 
jj r.Litin : ■.. anil ascribed them all to mere patient ihuupiL 
But his patient thoughts were the highei 
genius. What to him was a mere online j 
would have seemed to an interior mind a gig 
to the successful issue of which it would hai 
proportionate importance. Newton " wait- 
was shed upon his subject:" other men might ■• 
without the light appearing. 

" To his important inventions in pure matheautfa 
says professor Playfair, " Newton added the grrattst 
discoveries in the philosophy of nature ; anil, in pwlf 
through his hands, mechanics, optics, and aauumf 
were not merely improved but renovated. N 
left knowledge in a state so different from tha 
he found it. Men were instructed not only in BH 
truths, but in new methods of discovering truth : Lhey 
were made acquainted with the great principle wl icli 
connects together the most distant regions of space, II 
well as the most remote periods of duration ; and 
which was to lead to future discoveries, tar beyoad 
what the wisest or most sanguine could anticipate."* 

In fact, in whatever light we view him Newton ap- 
pears equally remarkable. In the department of pure 
experimental enquiry alone, as in his optical researches, 
degree of skill and accuracy, of patience 
and sagacity, which place him at the head of 
mentalists. Considered merely in respect to 

ilTt.lLir.IJ, |i. 4 H. 




nipulntion. he bu hid few equals even down 10 mo. 

mil in regard to extent and imp": 
ills, his experimental discoveries alone nuj challenge 
ce over those of almost any other philosopher, 
abstract mathematics, again, distinct from all the 
yatcal branches, he hail confessedly no rival but 
itiitl ; and he, individually, can hardly be isiiit to 
i done more for thu* calculus than Newton did. Anil 
c the latter certainly dis|ilayeil his powers equally 
the geometrical and analytical styles, the former 

wholly confined himself to the analytical. 
In the .i[ filled department* of mathematical science, 
i'b lofty superiority above all other pbiUiiuu*MI| 
except his modem ri»al l.aplace) ia universally ad. 
The »hole ranpe of physico-mathrmatical 
ca is a science nearly of hia own crest. ■ 
a application to the actual phenomena of the planetary 
i, which observation had classified by Inductive 
is due lo the sole and unaided powcra of Nuw- 

Vre-euiinnit, tli,. n , in each department taken imply, 
e would have shone brightly conspicuous hat) h* don* 
©thing in any other. But when we contemplate Mm 
u alike unrivalled in all at once, we fed >i a low how 
o express adequately the wonder and admiration with 
Bra then transcendent pnwera imprew ua ; ami ar« 
"vinced that the weil-known poetical raloRta* wMtfc 
s been bestowed on him arr Kami* •vcrMranMat 
' is this a lain and itWalrow homage paid M Am 
mere shrine of a frllow. CT eatare, but will raiher, fej (ft* 
toushifol an.!.;, .r.^rMtmjfchtlmnwd to (h« pwrpAsw. 

min important r ■'. ■ 
™— if (Uo^, „ t phewotM«o* m nV h 
n ; ir.,i i} n » niUiiiiln «f « 
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ingular and equally to be lamented in ils 

l continuance, and its effects. Arising out of ' 

.'isy, — one of the most bitter and keenly 

tested, perhaps, which any disputed topics (scarcely 

spring those of theology) have ever called forth, — it 

to an almost total cessation of that mutual inter- 

ige of in for mat ion and opinions on scientific sub- 

«, which is always so highly beneficial to both the 

tit'B engaged. Long after the actual question of the 

I controversy had fairly worn itself out, the 

ousy which was felt, and the line of separation 

ich had been drawn, between the British and con- 

lental mathematicians, were maintained in their full 

wcej and produced the moat pernicious effects on 

nice. Each party became the exclusive supporters 

the system taught by the two great luminaries of 

ir respective countries. The British mathematicians, 

particular, adhered with most rigid pertinacity to the 

y letter of Newton's methods; and were, with few 

ceptions, completely ignorant both of the original |in- 

TMtigations of the other party, and of the improve- 

ents upon tliem which were being rapidly introduced. 

The difference in name and notation between the 

) methods, though in itself a trivial circumstance, 

is yet far from unimportant in some of the consequences 

hich may be fairly traced to it. It tended in some 

re to foster and increase the dissension between 

o schools, and their ignorance of each other's re. 

aearches ; while ihe diversity itself between the two 

lethods, though in reality little more than nominal, 

Maine alao a topic of mi small dispute and controversy. 

But much as these differences were on all grounds to 

e lamented, the loss in point of scientific advantage^ 

with shame lie confessed, was almost entirely 

ide of Britain. The English mathematicians 

'a have been so dazzled with the splendour of 

a discoveries, that they never conceived them 

>ahle of being extended or improved upon. They 

arded his inventions with a veneration almost super- 

i, and adhered to them in the very form and literal 




•I in which he had <±c~™-=r*i i 

«, th+t the- 
■I is England, m» 
• r II was applied i 

i, and in the h 
a were dcrtloped ; and the wfcofc rf 3» ■ 
UK tcimcc (by taa then 
tim) -*» left in i 

miKeliineous a«embUge of i, 

faring to particular caw*, which ■ 



A very iKgbt acquaintance with the ■ 
HM eminent British nultw msiirimi «f _ 
feeding that of Newton (with perhaps * 
honourable exceptions), would suffice to 
one of the justice of the preceding i 
name* of Gregory, Sanderson, Wari 
Simpson, K. Siroson, and Stewart, 
distinguished of this period, i 
with much which is highly ti 
algebra; but with little which b 
of t.'ic calculus, and such generalisatiofa at a 
ciples u increase our command o*ez the t 
of quantity, and supply the i 
the more complex and abstruse problems of the d 
of the universe. Let us not, however, be im 
to undervalue the labours of these distinguished a 
which, abstractedly considered, were of die 1 " ' 
excellence. They dedicated consummate talent 
much time and labour, to the restoration and i 
elation of the ancient geometry, which they e 
the most truly classical style ; and to the invest 
solutions, and the composition of treatises con™ 
the most rigorous spirit of its demonstrations. 

d considerable improvements in many of tlir a 
l of algebra; and exercised their bo 

' vast mass of detached fluxional p ' 
■ suegestions g|JMU and elegant solution 
rr Cotes wif^^^^Bexcepuon to such n 



ertainly, one of the most brilliant, instances of 
lematical genius among the contemporaries of New- 
aa appointed Plumiar professor of experi- 
J pliilosophy at Cambridge, in ] 705 ; and died in 
at the ege of thirty-three. His preat inathe- 
[ work, the " Ilarmonia Mensururum " {pub- 
in 17?2), treats of the quadrature of curves by 
1 highly ingenious methods, derived chiefly from 
.a of those employed by Newton. It contains, 
ous improvements in the rules for integration, 
cates methods of finding various large classes 
f fluents ; besides comprising some original properties 
e circle, and other geometrical speculations. De 
, in his Miscellanea Analytica, greatly improved 
e methods of Cotes. . 

r, Brook Taylor was another original and profound 
u- of this period, who, in hia " Method of Incre- 
its,'' published in I71. r >, added a new branch to the 
is of variable quantity. According to this method, 
:e supposed to change, not by infinitely small, 
y Unite increments: but the whole system, both 
t and inverse, bears in other respects a close analogy 
s fluxional. The author made many ingenious 
ilications of this calculus, both to geometrical and 
Nil questions, and i's[nrially to the summation of 
: he has been censured, however, for obscurity in 
e manner of announcing the principles of the method. 
:b fault was removed, ami the whole theory explained 
with great clearness, by M. Nicol, in a scries of memoirs 
communicated to the Academy of Sciences, between 1717 
i 1727. 

e discovery, however, by which Taylor is most 
niversally known is that of a single formula, delivered 
iO very conspicuous place in the work on increments, 
and passed over by the author as of little value, but 
which, nevertheless, contains as it were tile essence of 
almost the whole theory of functions. By some writers 
t has been made the foundation of the whole differential 
■alculuB; hy all, it has been recognised as supplying 



ds, yet die point cannot be said to have been 
'y cleared up till D Alembwt showed the real 
q of the principle of limits in its simplest sense; 
ly, Lagrange, in his " Theorie des Fonctions," 
{ til idea both of infinitesimals, and even of 
I the whole into an elementary, though 
t prolix, algebraical investigation, by the de- 
ent of functions in serieses : while the valuable 
j of Carnot on tile metaphysical principles of the 
nitesimal calculus, lends more to clear the method of 
s from objections than, perhaps, any thing that has 
iject ; and the researches of professor 
ffoodhouse have placed the general principles of the 
tbods of analysis on a secure basis of demonstration, 
is writings we owe the first introduction of the in- 
entiona of the continental analysts into this country. 
Of the vast improvements effected in every branch of 
aiytical mathematics by the foreign mathematicians, 
t would here be a vain attempt to convey an idea. We 
e mentioned the names of the earlier of that illus- 
s school, who reared so large a portion of the super- 
■e of the science ; and, in more modern times, they 
)t been wanting in successors truly worthy of 
The names of Legendre and Lacroix, of Abro- 
gast and I'oinsot, of Gamier and Cauchy, are a few only 
among a multitude of those most highly distinguished 
in the different branches of pure analytics ; while many 
of those whom we have mentioned in other departments 
e likewise no less eminent in this. Uur own country 
has hitherto had to boast but a very small list of names 
in the higher branches of mathematics ; but, since we 
have had the wisdom to give up a few of our absurd 
exclusive prejudices, and to cultivate the methods in 
width our continental neighbours have achieved such 
distinguished renown, we have begun to exhibit an array 
inalytical talent to which we may look forward with 
confidence for the happiest results. 
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■e complex questions arose to be determined, the 
k of solving them, and reducing them into a system, 
t be capable of being performed by the same 
m, or presented in the same form. 
" e methods of ultimate ratios and fluxions seem to 
eated for the express purpose of 
ing Newton to tile analysis of the motions of 
■ acted upon by gravitating and central forces, 
" e solution of the great problems arising out of it ; 
o applicable when the limits of these 
dies of enquiry became extended: and, to invea- 
■e complex relations in the physical system of 
more refined, more geiieml and comprehensive 
s were required. Hence an exclusive devotion 
\e methods, however excellent, invented and applied 
3 not likely to assist his disciples in 
rying farther the discoveries he had begun ; and 
"e they confined their attention and acquirements to 
e knowledge of his writings and methods, they were 
not in a condition to enlarge the boundaries of science, 
and were not availing themselves of those more powerful 
ilistvunii/iits which were required for the work, in pro- 
portion as it became more difficult and extensive. 

Newton had stretched the powers of geometry to on 
unprecedented degree, and had successfully applied it 
in extending the dominion of science over the system of 
the universe; but such a mode of proceeding would by 
no means be applicable in all cases : the generality of 
those engaged in such researches would require easier 
methods, and more certain and systematic rules, to assist 
ihem in their investigations anil computations. Geo- 
metry, as wielded by Newton, was like the sling and 
the stone in the hand of David ; a weapon with which 
no ordinary combatant would choose to attack a giant. 

Adhering, then, to such methods, the British phi- 
losophers in general did but little in the way of prose- 
cuting dynamical enquiries; while we find the eonti- 
Wits.1 analysts busily engaged, and rapidly extending 



their researches in proportion to the facility * 
to their hands by the increasing powers of lit 
caleulu*. The discussion which arose In 1721m 
ing tlie true measure of force, and which, i 
was clearly seen to be a mere dispute about urnm,*) 
die effect of calling forth many valuable n 
though, when (he English philosophers, I 
Stirling, Clarke, and others, took a share in it, u&i 
posed Bernoulli, Herman, S'Gravesande, and MiJ 
brock, the discussion assumed too much of tht ^ 
tone of the fluxional controversy, the bitterness of"! 
had not worked itself out till a later period. TbH 
troversy may be considered to have ended wii 
publication of D'Alembert's " Dynarnique," in 17* 
The general character of the improvement! dt 
in mechanical and hydrostatical science about tld 
riod,was marked chiefly by the increasing develop! 
of the analytical formula;. To this has been win 
great advances in the investigation of principal 
laws, which, perhaps, may be dated from Be-rnoul 
D'Alembert, and which have been so advanup 
pursued by a long train of their illustrious succi 
and perfected in the " Mecauique -Analytique" I 
Grange. These, however, are precisely those of 
it is the least in our power, within our limits, : 
any adequate notion, and of which an enumei 
without such illustration, could answer no usel'ul 

Of Lagrange, howeyer, we must add, thai tfe 
tinctive mark of his genius consists in the unil 
grandeur of his views. He attached himself whti 
a simple, though just and highly delated thought 
principal work, just mentioned, refers all thw U 
equilibrium and motion to a single principle: I 
is not less admirable, it submits them to a siru» 
of calculation, of which he himself was the ti 
All his mathematical compositions a 
their singular elegance, for that symmetry of f, 



erality of method which t 
IE analytical style 

Physical Antranomy. 

ijsica! astronomy was a science of purely British 
, yet, after the death of its founder, it had very 
Itivators in England, and scarcely any advances 
mportance were made towards the investigation of 
re abstruse consequences of the law of graviUtiOD, 
: more complex phenomena of the system of the 

or in providing general and compreb 
uited to computing the laws and consequence* of 

he continent of Europe, during the same period, 
y different was the condition and progress of this 
ce. The Newtonian theory of gravitation, though 
nt admitted with some delay and hesitation, was 
ength. triumphant ; and no sooner were iu exceL. 
es perceived, and its conclusions assented to, than 
enius of the continental mathematicians was im- 
ately directed to the extension of its applications, 
lie improvement of the methods required for those 
ications. 

5 complete the theory of tides, and to investigate 
unar inequalities, the motion of comets, and the 
are of the earth, were immediately among the objects 
h gave employment to the talents of the great or- 
ents of the continental school : and the success of 
investigations on these subjects kept exact pace 
the increased powers of the instruments of re- 
i will] which tlii'y had provided themselves from 
ed resources of the new calculus. Every year 
I inventions and discoveries, and e 
" >, to th« successes of s( 

s rapidly extending, upon 
'A down ; and the work 
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iplex consequents »' 

— _ formed an imrnevw krw 
by N'ewton to his gucceam 1 
• w4UD«nced working upon th*' 
celebrated memoirs »iidrtss«l * 
- ^«:Ef« in 17*3, 17*5, and 1754-1* 
■ fart, weau the developement of the princi)ile' 
wrtarWaeaa, known by the name of " the 3 
fe three moda*." 

^Jaaajyoaat enrp wi rj with h iro were El)lff) ? 
riwaaa* SMpM*, sad lVAIembert, whose a 
■— ** went ah* devoted to the further present 
t iKMtwtt bat highly important and i 
its, (he htMsr and planetary theories, 0> 
"*■"** "MTalities of thei, mOQMlll- 
hj Ac dttBarbaMrs of their mutual attraction*. 

Brnfcs a host of other philosophers (with th. _ 
M •* Madao™. Airily it must be confessed a 
■fatal), who were engaged in carrying on and per 
the nhw elaborate detail* of these subject*, ■ 
c — yobon they iwrorred, we now fiod M 
huauariet «f science beginning to appear on li 
Ireoaal borisoa, the latter of whom has become 
bat worthy oantpetitor with Newton for the l 
■ ma l ting the completion: of a perfect mathen* 
^7"* — **-' system of the mechanism of the I 
b."i;i;i' -1-..1 Laaffaage. 

braaer having succeeded in ( 
" truths which Hare 
al iy stem of force*, i 
r world ; and laid down 
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Order is here kept up by the power of the 
il mass: it is not, therefore, left, as Newton him- 
d Euler had conjectured, to an adventitious force 
r prevent the disturbance which time may 
It is the law of gravitation itself which 
t ill things, which is sufficient for all things, 
"i every where maintains variety and order, 
ice emanated from supreme wisdom, it pre- 
it from the beginning of time, and renders impossible 
I kind of disorder. Newton and Euler were not 
inted with all the perfections of the univerie : 
er any doubt has been raised respecting the 
y of the Newtonian law, and whenever any f'o- 
tuse has been proposed to explain apparent ir. 
es, the original law has always been \i lilicrl 
most profound examination. The more ae- 
■e astronomical observation • haw beroinv, 1 1..- n u .■ 
nformablc have they been to theory." * And M tUl 
le and eloquent exposition, we will add the reUll I "I 
i writer, wlioae words hardly admit of 

'' La stability do systeme folalre est done it jamais 
sarie: les orbitcs des planeles dans les ages futuri ne 
ont que s'aplatir legerciuciit en eoniiervaut lea 
is grandes axes, et les plans dc CM OfWtM M tfWBt 
s de petites oscillations autnur d'nne position nioy- 
immenses pendulcs tie I'eteruite, '|ui halteiii tea 
; coinme les mitres btttant If" secondes." f 
e collected description of alt the more recent re. 
•earches and discoveries in physical astronomy, united 
into a connected system with tltc fimdamvnUl truth" 
established by Newton, ami nil demonstrated by u uni- 
fortn method of analysis, formed '!»■ idea of that vast 
d splendid project, conceived hy Laplace, and to the 
' hi of which his lid' whs devoted ; it was realised 
) the most perfect irtai bj ll" 1 publication of the 
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I which are placed beyond the pale- of tbaofane 
To supply fixed principle* on which the 
ility of events may be estimated, and men t\- 
d by mathematical formulae, ii of all w" 
i one of the most happy and important : 
in possession of the most sound 
o discriminate truth from error ; 
i well the chances of future contingencies, * 
ibilities of error in the present anil (be put, f 
Uibility of observation and testimony ; and h 
ell designated by an able writer, 

is first started by Pascal ; it wasMicceasiti 
K>n by Bernoulli, Euler, and Lagrange ; 
U development entirely to Laplace. 
■ Laplace, in conjunction with Lavoisier, made eitenejva 
searches on the theory of heat, and especially the 
ions oft bodies : his investigation* on the socio- 
[ refraction, on capillary attraction, on ifce ba- 
metical measurement of heights, on electricity, en the 
elocity of sound, on molecular action, and on the pro- 
" s of gases, most of which occupy parts of the 
different supplements in the Mecanique Celest*, Jw» 
s how multifarious were his enquiries, aid wtth 
what unity of purpo.se he carried them on, at tnsrrjl 
embodying them under the law* of a comprehensive 
analysis, to stand as pan* in the great theory of lb* 
material world which he was engaged in campln'a^ ; 
and which, in its systematic uniformity, enable* na to 
a nearer approach to the apprehension of that alL 
perfeet uniformity of design which we cannot doatst if 
the real pervading principle of the whole fabric of na- 
ture: which, we must confe**, no human power* »*» 
probably ever be able completely to analyse, bnl which, 
at every approach we can successively (naif*, apf*aw* 
more and more distinctly invested with this never- ftilisig, 
attribute. 

As a writer Laplace shines among 
mporark-s with unusiol brilliancy. Hi* a 
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n the observations of the roost distant epochs, am] 
; memory of l-aplace will I* cherished in 

In the lunar motions will be found tIio»* 

■badges which will be the fulfilment of his predictions ; 

the completion of the long periods of the gnat 

(Qualities of Jupiter and Saturn, will recall hia invcs- 

itions who was the first to examine and explain their 



lole course and manner of his life was ran- 
i a sole view to the purposes of philaMfwii 
investigation. He devoted tbe energies of his existence 
" i his l»bours in interpreting the mechanism uf the 
material world ; he dedicated to science a life of re- 
arch ; and science, in return, has conferred on him an 
mmortality of fame. 

Among the most valuable labours of bis successors we 
may enumerate the publication of the " Thi 

- by Gauss, in 180;); the masterly researches 
traction of spheroids, in the same and following 
ar, by Mr. Ivory (almost the only British philosopher 
who, till very lately, attained any high ttiatl 

; researches) ; the investigation of Gum, on the 

aject, in 1810; and of Beats!, on the jicrlurb- 

i 1824. Whilst the researches of Messrs. Lub- 

k and Ivory, on the same subject, in \830 I 

Mid those of Professor Airy, on the figure of the earth 

n the solar and planetary theories ; and of Encke 

on the physical theory of his comet ; may, perhaps, be 

considered as some of the most remarkable among the 

milar investigations of the present day. 



Plane Astronomy. 

In astronomical observation, the period t 

ie of Newton has, indeed, been productive 

valuable discoveries. The immense improvi 

,e construction of astronomical instruments, at 

rt of observing, has been naturally followed hr tJug hlv 

increased accuracy of results, and nut 



no 

to our knowledge of the heavenly belies. And ii 
these we can, with just pride, observe, that 01 
has borne its full share. 

We have alluded to [I alley's labour-. Hi- 
to them ihe glory of being the first to predict 1 
turn of a comet. Having noticed an agreement jo 
elements of several which had appeared at s 
periods, lie concluded ihem to be reappearances ol 
same body, obeying the Ian of an elliptti 
foretold a return in 1753, which was completely v< 

Bradley, associated with Molyneujr, comment* 

lal valuable seriea of observations which \ 

the discovery of the aberration and the nutation ol 

earth's axis. The former a consequence of the ti 

velocity of liftht, the latter of gravitation. 

The measures of the arc of the meridian * 
repeated wilb increased accuracy in France, by La H 
and Cassini, but seemed to lead to tile strange si 
radoxical result of ihe earth'6 figure being a p 
lengthened, instead of a flattened or oblate, spberoi J. '. 
however, was afterwards shown to be due to an 
the fundamental measurement ; and, in 1 735, tJ 
parison of arcs, measured by Maupertuis and o 
Lapland, and La Condamine in Peru, established i 
oblate figure. 

Arcs were also measured in Italy, by Bos 
1750; at the Cape, by La Caille, in 1752; 
America, by Mason, in 176*- 

The two transits of Venus, in 17(il and 17fi 
both, and especially the last, most sedulously j 
by astronomers sent to various stations in differer 
of the globe, at the expense of the principal jj 
ments in Europe ; and the important results of th 
parallax completely settled. 

The invention, of Hadley's quadrant in 1"S 
nished the instrumental means, created as it w 
the express purpose of observations on board slap: 
roved lunar tables supplied (he data for ti 
gete adoption of the method of lunar distal 
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g the longitude at sri ; which was mainly in- 
1 by the zeal and diligence of Dr. Matkelyne, 
imer royal, in setting on foot the " Nimtical 
Almanac," and providing tables and rules adapted to 
which, simplified a.i it ww necec- 
y they should be, were yet necessarily founded upon 
the utmost refinements to which theory and observation 
had extended. 

Ill 174<), the improvements on watches, for die tame 
important purpose, by Harrison, obtained the Royal 
Society's medal; and in 17'i9, after the trial of a long 
voyage, secured to the ingenious inventor the reward 
offered by act of parliament. The stimului thus sup- 
plied has been ever since steadily producing a comumly 
increasing perfection in these machine*. 

The attraction exercised by large masses of known 
density, compared with the attraction of the earth, 
enables us to infer the mean density of (he globe. 
With this view, the attraction of mountains in ciuaing 
a plum!> line to deviate from the perpendicular (which 
had been noticed by La Condamine in Peru), wit In- 
vestigated by Dr. Maskelyne, in 177*, by observations) 
on the mountain Scheballion in Scotland; and similar 
ol>servations have been since made by the baron De 
Zach and others. 

An elaborate series of experiment!!, having the same 
object in view, though conducted by totally difii'iriit 
means, was carried on by Mr. Cavendish in 1798; 
who estimated the attraction of leaden balls by mean* 
of an extremely delicate apparatus. The result agreed 
very closely with that of the other methods, 

In 17W7 commenced the series of trigonometrical 
operations, designed in the first instance merely to con- 
nect the observatories of Greenwich and Paris, but 
which were subsequently extended to the formation of 
survey of the whole of Great Britain, under the 
of the British government, conducted first 
Roy, afterwards by colonels Mudgc and Colby, 
extending in Ireland. 



Sir W. Herachel had succeeded beyond 
artist in forming anil polishing large mei 
for telescopes; ami, with his giganti. " 
the satisfaction of noon adding a new plane! 
lem. The discovery of Uranus took place in 1781, Uj 
was immediately recognised by astronomers throughwi 
Europe. The same eminent observer continued ta dl 
vote himself to the minute examination of the 
and added immensely to our knowledge of the nebufc. 
the appearance- and jiriilialili.: physical nature of thewn; 
and, lastly, of double stars; which, by comparison of ob- 
servations at considerable intervals, he found, WOT in 
several instances, composed of t 
round their common centre of gra 
was announced in 1803, and has been since abuEoaiHr; 
confirmed by the joint labours of bis highly diatingotW 
son and Sir J. South ; as well as of M. String H 
Dorpat. Thus is an unlimited extension given to Ae 
dominion of the great law of gravitation ; even the el- 
liptic forms of the orbits having been, in several in- 
stances, ascertained, 

Another series of brilliant discoveries were iltow of 
the four small planets between the orbits of Man Ju- 
piter : Ceres, discovered by Piazzi, in 1801 
by Olbers, in 1802; Juno, by Harding, in 180*; »nJ 
Vesta, by Olbers, in 1807. 

The establishment of the periods of 
able comets has also marked the present century. One 
observed in 1811) and 1822 was found to resemble 
previous appearances. Encke calculated the orbit, tad 
predicted its return in 1825, which was fully verified; 
and again in 18^8 and 1832. It is thus shown to bei 
small nebulous body, belonging to our system, of a na- 
ture, in some sense, intermediate to a comet anil • 
planet. Another body, of a similar nature, 
18nner shown to be a periodical comet by ltiela, « 

_T1»- last-mentioned discoveries are all of r 
fn; and there are nu meruus oiber important 



which our limits will not allow us even to enumerate, 
r which we are deeply indebted to those eminent ob- 
rvers, and others whose names are equally eonepicuoua 
n tho annals of science, — the worthy successors of the 
i, of Lalande, Lacaille, and Delambrc. 
Astronomical research, at the present day, is doubtless 
~y directed to the increasing accuracy of details. It 
is been justly observed, by Professor Woodhouse, that 
■ Astronomy has now reached a kind of maximum state 
of excellence, and its changes are minute, and must con- 
All great changes ended with Bradley. He 
■wept the ground of di-nmry. anil left little to be gathered 
3J those that follow him. Yet, during the sixty years 
that have elapsed since Bradley, it cannot be said but that 
astronomy has greatly advanced, although not by the aid 
of discoveries such as those of aberration and nutation." 
This immense extension of detailed reseaMi renders 
it, of course, the more difficult to analyse. Volumes 
might be occupied in giving even an outline of such re- 
sults. A highly interesting discussion, as to the existence 
' itence of a sensible parallax in the fixed stars, 
was carried on in 1815, and several subsequent years, 
between Mr. Pond and Dr. Brinkley. In IK20 the es- 
tablishment of the Astronomical Society in London gave 
« stimulus to the prosecution of the science in this 
country ; and its transactions have, from that time, be- 
ll invaluable depository of observations, methods, 
and tables, referring to all parts of plane astronomy. 
The institution of observatories at the Cape of Good 
Hope, by the British government, in 1821 ; at Para- 
matta, by Sir T. Brisbane, in 1822 ; and at Cambridge, 
l 182;), have already been productive of an abundant 
harvest of important results. The regular publication 
of observations, and of papers and discussions relating 
to astronomy, has been of incalculable advantage in 
diffusing a knowledge of the science, and in promoting 
coniniumcation of ideas; while the Ephemerides of 
Pans. Berlin, Milan, ami others, have, in their Ini 
stimulated the English astronomers to make those e 
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g which scarcely a single fact was added to 
elicited by Newton, this beautiful and interetting 
of enquiry began to revive. In tile hands of Malui, 
and Biot, in France, and of Wolltuton, iirew- 
and Herschel, in Great Britain, the |>Iii-nuih<-i>* nf 
need light gave a completely new turn to the (Tain 
uiry ; and a succession of brilliant experimental 
and laws, served to excite tile admiration, and in 
degree to exercise the theoretical skill of tin** anil 
philosophers. Before this, however, though little 
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■plicahle on any hypothesis of material particles, bat 
I consequence of the theory of «i'n, of slixh 
miliar illustration rosy I* conceded in mppimeg 
■s propagated from different origin, and reach- 
ing the Fame point at that exact internal which shall 
make the summit of one, as it were, coincide with the 
bottom of the other; they will then w»friJ* eao 
Other; ind that point of the fluid »ill 
The agitation of the ethereal medium in 
light; when at rest there is darkness. The 
Kfrarigibility of light is a fact which was not ta U re- 
conciled with the particular riew of the priadalnf «f 
• on which the theory had been fraaaed. If 
has been lonp;, therefore, a topic of enqnry, and arma! 
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netism, electricity, and galvanism. The great prinoffa 
of electricity originally developed by Gray Kid Frankita, 
Du Fay and iEpinus ; of galvanism, by Volts »nd titL 
vani; and of magnetism, first reduced to 
laws by Mr. Barlow, were placed in the . 
tion by the grand discovery of electro-magi .. 
sted, in 181*1. This was followed up by t! 
of Davy, Faraday, Ampere, Arago, Barlow, Christ*,** 
many other philosophers, following out the numerous 
analogies which the subject so abundantly offers, 
new facts of thermo-electricity and therm o. magnet— 
elicited by Dr. Seebeck and Professor Camming, brouttt 
the other subtle agent heat into connection with tfe 
former; and the singular influence of the simple rotation 
of metallic plates on tlic magnetic needle, in 
Messrs. Arago, Bahbage, Herschel, Barlow, and othrn, 
have all jointly contributed to form the new science m' 
electro-dynamics. 

The increasing and exact attention paid to obserrirm 
the constitution of the atmosphere, the influence of 
moisture and temperature, the effects of wind, and thr 
endless combination arising out of the general causes of 
pressure, condensation, and rarefaction, have led to it 
recognition of meteorology as holding a place among £ 
exact sciences. Some, indeed, of its phenomena «n 
intimately connected with the laws of chemical coin, 
bination, another boundless region of pliijosophiwl «.»• 
quiry, which our subject does not even profi 
and to which we cannot further refer. Close! 
however, with all these departments is the science 1 
heat, both in its combined form, or recotnised as it- 
velopeil hi Mies, the subject of profound 
Black, Wilcke, Dulong, Petit, and Fourier ■ or in it 
radiant condition as propagated from hot bodies to KB- 
sible distances. In this last department (connected •> 
it also is with the solar heat), the valuable rese.rclie.iif 
:, Herschel, Prevost, and l>e la Rod, 
in possession of all the elementary facta anrl oS 
a ; vtoWe \\ie i-Vtmc^tii S.-tifecnoea from 
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lose results have- been denied, ami an experimentum 

ttempted by the author of this volume, which 

to prove the existence of two distinct species or 

of transmitting heat, produced, at one and the 

ie time, from luminous hot bodies. The attempt of 

aril to prove that simple heat is subject 10 polarisation, 

: light, has failed, on being repeated by the author 

id by Professor Lloyd. Very recently some important 

Its have been obtained by sir I). Brewster, and still 

:Ore singular facts have been made known by MM. 

obili and Melloni, by means of a thermo- multiplier 

' the most extreme sensibility. 

But it would be endless to dilate upon the mere titles 
! researches of which we can give no satisfactory his. 
>ry ; and we are unable to do more, before cone! iiitii sir, 
lan very briefly to refer to the general condition of tile 
leans we enjoy for prosecuting physical research. 

The great increase of institutions and societies esta- 
ilisbed for the purpose of promoting, in various ways, 
prosecution of science and the diffusion of philoso- 
phical information, during the eighteenth and present 
centuries, has been a striking feature, equally demon- 
strative of the extended diffusion of a taste for such 
pursuits, and. efficacious towards its further progress. 
The societies of Berlin, Turin, and PeWrsburgh, besides 
i there of scarcely inferior reputation on the 
Continent, and those of Edinburgh, Dublin, and Cam. 
bridge in our own country, have been the worthy ofil 
•pring of the great parent institutions of a preceding 
century. The regular publication of their transactions, 
besides the apjiearance of a number of periodical journals, 
tpressly devoted to the purposes of physical science, has 
tercised a most powerful sway over the scientific taste 
' the age in every way most beneficial to the cultivation 
* these branches of knowledge. Nor must we omit to 
lention the extraordinary impulse given to these pur- 
lits by the annual meetings of the continental philo. 
iphers anil naturalists ; nor the still more effectual aid 
Forded to the sam 
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